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 EXECUTIVE SUMMARY   
 








Nærværende undersøgelse af forekomsten af lav adhæsion / ”glatte skinner” er en opfølgning på 
DTU’s undersøgelser af IC4 togenes bremseadfærd ved Marslev den 7. november 2011, som blev 
gennemført for Transportministeriet og DSB i perioden april - juni 2012, og som konkluderede at den 
helt overvejende årsag til IC4 togets lange standselængde ved Marslev-hændelsen var lav adhæsion, 
det vil sige ”glathed” mellem hjul og skinner. Afledt af dette resultat er der opstået en interesse og et 
behov for en bredere analyse af sikkerhedskritiske faktorer i forbindelse med togdrift, som belyser fæ-
nomenet adhæsion i almindelighed.  
 
Adhæsion er et resultat af samspillet mellem tog, hjul og skinne. Dette samspil påvirkes af en række 
faktorer: dels af togets fremdrift, hjulet og skinnen (legering, slitage, krumning m.v.), og dels af ”dét, 
der er imellem” hjul og skinne, det vil sige eventuelle belægninger på skinnen. Disse skinnebelægnin-
ger er resultat af klimatiske, geografiske og tidsmæssige faktorer og varierer således med vejr, sted 
og årstid.  
 
Med henblik på en nærmere analyse af årsager og virkninger for dette samspil og dets betydning for 
sikker togdrift har Transportministeriet og DSB bedt DTU om at gennemføre nedenstående tre udred-
ningsopgaver, som DTU har gennemført i perioden oktober 2012 – oktober 2013: 
 
• En erfaringsindsamling med henblik på, hvordan andre lande i Nord- og Mellemeuropa håndterer 
lav adhæsion / ”glatte skinner”.  
 
• En systematisk kortlægning af hyppighed og omfang af lav adhæsion / glatte skinner for togtyper-
ne IC4 og IC3 i løvfaldsperioden 2012 på en række togstrækninger i hele landet med det formål at 
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 undersøge, om der kan etableres et dynamisk ”landkort” over områder i Danmark med en øget 
sandsynlighed for periodisk forekomst af lav adhæsion, og dermed en relativ øget sandsynlighed 
for hændelser især i forbindelse med nedbremsning. 
 
• En undersøgelse af adhæsions- / friktionsforhold mellem hjul og skinne under kontrollerede labo-
ratorieforhold ved anvendelse af forskellige smøremidler (sæbe (som beskrevet i teststandard), 
olie og bladsaft) med det formål at afklare, om der er forskelle mellem IC3 og IC4 togets hjul, som 
har betydning for de to togtypers standseadfærd under de forskellige forsøgsopsætninger. Bag-
grunden herfor er, at IC4 hjul er lavet af en lidt ”blødere” stål-legering end IC3 hjul og undersøgel-
serne skal afdække standselængdens eventuelle afhængighed af dette forhold. 
 
 
2. Overordnede resultater  
Ekstrem lav adhæsion er en følge af ”et tredje lag” mellem hjul og skinne. Dette lag dannes af en 
kombination af let fugtighed og forurening (for eksempel løvrester, rust, olie, luftforurening m.v.), som 
sætter sig på skinnen. Ekstrem lav adhæsion kan optræde og forsvinde i løbet af meget kort tid og op-
står tilfældige steder, dog er der områder med højere sandsynlighed for at der forekommer glatte 
skinner (for eksempel i skovområder med løvtræer).  Prædiktion af, hvor og hvornår områder med lav 
adhæsion optræder, og hvor udstrakte de er, kan foretages med såkaldte stokastiske modeller. 
 
Både internationalt og i Danmark er der implementeret tiltag, der skal reducere risici og gener ved lav 
adhæsion, dels for at mindske slitage ved slip/slide, dels for at fastholde regularitet i køreplanerne og 
endelig af hensyn til sikkerhedskritiske forhold.   
 
2.1. Internationale erfaringer med håndtering af lav adhæsion 
DTU’s gennemgang af en række nordeuropæiske landes erfaringer med den praktiske håndtering af 
lav adhæsion / glatte skinner viser, at der findes en række håndteringsstrategier og dertil hørende til-
tag og foranstaltninger på forskellige organisatoriske niveauer og områder: 1) Detektering og prædikti-
on; 2) Tekniske løsninger ved toget; 3) Forebyggende foranstaltninger langs banestrækninger; 4) For-
anstaltninger rettet mod lokoførere og operatører. Den optimale sammensætning af tiltag er afhængig 
af dels den nationale togdrift (frekvens, køreplaner, m.v.) og dels af landenes jernbaneinfrastruktur.       
 
Fælles for alle undersøgte landes vedkommende er, at ansvaret for håndtering af glatte skinner er for-
delt på flere parter (operatører, infrastrukturejere, m.v.). For at opnå en optimal effekt af de forskellige 
tiltag er det afgørende, at de ansvarlige organisationer afstemmer redskaber og deres anvendelse 
med hinanden med henblik på at undgå, at optimering af isolerede og ukoordinerede indsatser fører til 
et suboptimalt samlet resultat.     
 
De internationale erfaringer tyder endvidere på, at hoveddrivkraften for de forskellige landes indsats 
mod glatte skinner primært er driftsrelateret, nemlig dels sikring af køreplan-regularitet, dels reduktion 





 2.2. Danske tiltag  
I Danmark er håndteringen af glatte skinner allerede i en årrække blevet betragtet som et fælles anlig-
gende mellem infrastrukturforvalteren, Banedanmark (BDK), og alle jernbanevirksomheder, der kører 
på BDK’s skinnenet. Der sker en koordinering mellem disse organisationer, primært med henblik på at 
sikre rettidighed i jernbanetrafikken og med fokus på løvfaldssæsonen (det vil sige fra 1/10 til 31/11). 
Af BDK’s notat af 23. oktober 2013 fremgår1 hvilke praktiske tiltag der aktuelt tages i brug: 
 
• Vegetationskontrol langs sporene for at begrænse løv på skinner (BDK) 
• Kørsel for at forhindre og opløse rustdannelser på skinnerne (BDK) 
• Spuling af skinner for at rense skinnerne for eventuelle belægninger (BDK) 
• Disponeringsplaner for afvikling af togtrafikken i løvfaldsperioden (BDK + jernbanevirksomheder) 
• Instruktion af lokomotivførerne i kørsel under særlige forhold (jernbanevirksomheder)  
• Vedligeholdelse af materiellets motorer og hjul (jernbanevirksomheder) 
• Varslingssystem via togradio, som videregiver lokomotivførernes observationer til kollegaerne 
• Systematisk opsamling af data om tog og evaluering af disse med henblik på en løbende optime-
ring af forholdsregler og håndtering  
• Systematisk registrering og analyse af data for signalforbikørsler siden 2006  
 
Indsatsen er koncentreret på løvfaldsperioden og håndteres fra det fælles driftscenter for afvikling af 
togtrafikken på BDKs skinnenet (Driftcenter Danmark), som samler og analyserer data og koordinerer 
indsatsen.  
 
2.3. Kortlægning af adhæsion i Danmark 
DTU har gennemført empiriske undersøgelser med det formål at belyse, om en sandsynlighedsmodel 
for forekomsten af lav adhæsion kan etableres. En sandsynlighedsmodel er grundlag for at kunne for-
udsige et risikoniveau på baggrund af en række eksterne givne forhold, for nærværende undersøgelse 
er det blandt andet vejr, bevoksning, banelegemets karakteristika.  
 
På det foreliggende datagrundlag er det muligt at konkludere, at en sådan model vil kunne opstilles. 
Imidlertid er der af tekniske årsager i øjeblikket ikke tilstrækkelig data til rådighed til udarbejdelse af en 
generel omfattende, landsdækkende model.   
 
Der er i undersøgelsen således arbejdet med en proxy til bremsnings-slide, nemlig blokeringsinforma-
tioner fra togsystemet, det såkaldte ”blokeringsflag”. Blokeringsflaget er et signal, som registreres i to-
gets log når en hjulaksel ”glider” i forhold til skinnen. 
 
DTU vurderer, at denne metode er fuldtud tilstrækkelig til at gennemføre analysen og at resultaterne 




1 Banedanmark: Notat af 23.10.2013: Håndtering af glatte skinner i Danmark 
 
                                                     
3
 Centrale resultater, som kan uddrages af de foreliggende data er: 
 
• Sandsynligheden for, at der optræder blokeringsflag afhænger af følgende forhold:  
 
o Meteorologiske forhold; dugpunkt, vind, fugtighed, nedbør m.v. (skinnernes glathed) 
o Togets hastighed i bremsningsøjeblikket 
o Togets bremsekraft 
o Skinnernes egenskaber i form af kurver samt stigninger / fordybninger 
o Løvfald 
 
• Der er i de analyserede data signifikant statistisk understøttelse af, at blokeringsflag optræder of-
tere for IC4 tog end IC3 tog. Denne signifikans understøtter imidlertid ikke i sig selv en hypotese 
om signifikant forskel mellem IC3 og IC4 togs bremseadfærd i situationer med lav adhæsion, pri-
mært begrundet i det forhold, at det ikke har været muligt at få bekræftet, om IC3 og IC4 togenes 
computere registrerer blokeringsflag med samme følsomhed.  
 
DTU vurderer, at en sandsynlighedsmodel for forekomsten af lav adhæsion kan etableres, både i og 
udenfor løvfaldsperioden, og for en vilkårlig skinnestrækning. Det vil i givet fald kræve en tilpasning af 
de data, der indsamles, primært en øgning af GPS-frekvensen, således at det bliver muligt at aflæse 
den faktiske deceleration af togene. Herudover er der brug for on-line adgang til de relevante meteoro-
logiske forhold. 
 
En løbende opdatering på aktuelle adhæsionsforhold langs banestrækningerne vil sætte operatørerne 
i stand til at udstede målrettede advarsler (både i tid og sted) og giver lokomotivførerne mulighed for at 
justere kørestil i forhold til adhæsionsforholdene, samt anvende eventuelle tekniske løsninger på selve 
toget for at afhjælpe gener og risici ved glatte skinner.  
 
Pålidelige prognoser kan endvidere understøtte timingen af infrastrukturejernes igangsættelse af fore-
byggende foranstaltninger langs banestrækninger (for eksempel højtryksspuling af skinnerne, anven-
delse af Sandite e.l.). 
 
 
2.4. IC3 og IC4 togenes hjul 
Blandt de faktorer, der kan påvirke et togs bremse- /accelerationsadfærd er toghjulenes beskaffenhed. 
Efter Marslevhændelsen har det været drøftet, om det forhold, at IC3 togets hjul er lavet af en lidt hår-
dere legering end IC4 togets kan være årsag til forskellighed i de to hjultypers bremseevne og dermed 
kan forklare, hvorfor der for IC3 togets vedkommende i løbet af de 24 år denne togtype har været i 
drift, ikke er registreret en hændelse svarende til den ved Marslev.  
 
For at afklare dette har DTU gennemført en række tribologiske eksperimenter med både IC4 og IC3 
hjul. Disse undersøgelser har udsat materiale fra IC4 og IC3 hjul imod materiale fra en skinne for flere 
smøremidler, (bladsaft, olie og sæbe), og registreret hjulenes friktionsadfærd. Resultatet af undersø-
gelserne er, at de to hjultyper ikke udviste signifikante forskelle i bremseadfærd under anvendelse af 
de forskellige smøremidler, hvorfor det konkluderes, at IC3 og IC4 hjulenes legering ikke ser ud til at 
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 være en væsentlig eller sandsynlig årsag til eventuelle forskelligheder i de to togtypers bremseadfærd. 
Dermed bidrager de to hjultypernes forskellige beskaffenhed ikke til nogen forklaring på, hvorfor en 
hændelse svarende til IC4 togets ved Marslev ikke er registreret for noget IC3 tog.  
 
 
3. Rapporten vedrører ikke sikkerheden  
Det skal bemærkes, at denne undersøgelse ikke påpeger - eller har registreret - sikkerhedsmæssige 
forhold (f.eks. signalforbikørsler) i forbindelse med lav adhæsion og hjulslip i undersøgelsesperioden. 
Undersøgelsen beskriver således alene sandsynligheden for at fænomenet hjulslip opstår under en 
række givne forudsætninger for de to undersøgte materieltyper (IC4 og IC3). Rapporten forholder sig 





 4. DTU’s anbefalinger 
På baggrund af ovenstående analyse- og undersøgelsesresultater anbefaler DTU følgende: 
 
• I alle lande, der er omfattet af DTU’s undersøgelse, findes der en række tiltag og foranstaltninger 
til håndtering af ”glatte skinner”. Det væsentlige i denne sammenhæng er koordineringen af de 
enkelte indsatser. De relevante parter bør derfor overveje – i forlængelse af det eksisterende 
samarbejde – at formulere en national strategi for adhæsionshåndtering, hvor man vurderer eksi-
sterende og eventuelt nye tiltag og aftaler deres praktiske implementering, koordination samt op-
følgning. Herefter vil konkrete opgaver kunne allokeres til eller aftales mellem relevante parter. 
 
• På baggrund af resultaterne for DTU’s undersøgelser er det DTU’s vurdering, at der relativ let kan 
udarbejdes et landkort over strækninger i Danmark med øget risiko for periodisk forekomst af lav 
adhæsion. Derfor anbefales det, at der etableres et sådant landkort, og at dette gøres dynamisk 
med daglige adhæsionsudsigter, ved at inddrage variable så som aktuel temperatur, nedbør, dug-
punkt m.m.  
 
DTU vurderer, at det vil være et værdifuldt grundlag for organisationernes beslutning om, hvornår 
og i hvilket omfang der er behov for varsling og håndtering af glatte skinner.  
 
Landkortet vil kunne indgå i grundlaget for en national strategi for adhæsionshåndtering og koor-
dineret implementering af konkrete adhæsionshåndteringstiltag.   
 
Etablering af et (dynamisk) landkort vil kræve en tilpasning af dataindsamlingsprocedurerne (høje-
re GPS frekvens) samt en udvidelse af geografi og tidsrum for indsamling af data.  
  
• DTU’s undersøgelser har godtgjort, at der kan etableres varslingssystemer. Der anbefales et en-
kelt og effektivt system for prædiktion og varsling, baseret på de foreslåede udvidede dataindsam-
lingsprocedurer og et pålideligt system til hurtig informationsdistribution til relevante aktører (infra-
strukturejere, operatører, togførere). 
 
• Set i lyset af den forventede fremtidige udvikling i togtrafik og togtyper på det danske skinnenet 
vurderes det, at både det dynamiske landkort og optimerede varslings- og informationsudveks-






5. Resultater for de enkelte arbejdspakker  
 
5.1. Arbejdspakke C: Internationale erfaringer med glatte skinner 
 
5.1.1. Formål 




Afholdelse af workshop med eksperter fra Tyskland, England, Holland og Sverige den 16. april 2013 
på DTU. Indsamling og analyse af rapporter og videnskabelige artikler fra samme lande.  
 
5.1.3. Resultater 
DTU’s systematiske gennemgang af en række nordeuropæiske landes erfaringer med den praktiske 
håndtering af lav adhæsion / glatte skinner leder til en overordnet opdeling af relevante foranstaltnin-
ger i:  
 
Detektering og prædiktion: 
Metoderne til detektering af glatte skinner omfatter både indrapporteringer fra lokoførere og automa-
tisk registrering ved hjælp af WSP (Wheel Slide Protection, som svarer til en bils ABS), mens prædik-
tion generelt beror på vejrudsigter og empirisk kendskab til strækninger med høj sandsynlighed for fo-
rekomsten af glatte skinner. 
 
Tekniske løsninger ved toget:  
Tekniske løsninger, integreret i toget, omfatter blandt andet ”sanders”, som er beholdere med sand, 
som påføres skinnerne (manuelt eller automatisk) for at øge adhæsionen i nedbremsnings- og accele-
rationssituationer, og WSP systemer (s.o.), samt magnetskinnebremser, som bremser toget ved at en 
bremseklods ved elektromagnetisk aktivering trækkes ned mod skinnerne. Endelig er der Eddy Cur-
rent Brakes, som bremser ved hjælp af magnetfelter. Disse er stort set uafhængige af den aktuelle 
adhæsion.   
 
Forebyggende foranstaltninger langs banestrækningerne: 
Forebyggende foranstaltninger omfatter blandt andet periodisk højtryksspuling af skinner med vand for 
at fjerne det lag, der er årsag til lav adhæsion, øgning af adhæsionen ved systematisk anvendelse af 
Sandite (et gel med indhold af sand) på skinnerne, samt langsigtede foranstaltninger, så som opstilling 
af hegn og mure for at holde blade væk fra skinnerne, nedklipning af buske og træer samt andre me-
toder til at kontrollere vegetationen langs banestrækningen.  
 
Foranstaltninger rettet mod operatørerne og lokoførere: 






 I flere nordeuropæiske lande har man erkendt glatte skinner som et reelt problem, der kræver forskel-
lige modforholdsregler, ofte afhængigt af konkrete forhold i det enkelte land. Man har f.eks. i Tyskland 
udstyret nye tog med sandingsanlæg, medens man i Holland ikke har samme logistiske muligheder for 
genopfyldning af sådanne anlæg og i stedet har udviklet en metode til hyppig præparering af skinner i 
samarbejde mellem infrastrukturforvalter og operatør.  
 
5.1.4. Konklusioner  
Udfordringen fra glatte skinner udgør et problem, der ikke er begrænset til en bestemt togtype (f.eks. 
IC4) og det kræver derfor en koordineret indsats baseret på en rimelig balance mellem risiko og inve-
stering af ressourcer. Indsatsen bør desuden baseres på en vurdering af hensyn til både sikkerhed og 
regularitet. Lav adhæsion påvirker regulariteten direkte (forsinket acceleration), og visse sikkerheds-
orienterede tiltag kan reducere regularitet (reduceret hastighed, tidligere opbremsning). Der vil således 
være tiltag, som kan give en marginal eller usikker sikkerhedsgevinst, men som indebærer store om-
kostninger i regularitet (og/eller gene, produktivitet …), og som derfor næppe er retfærdiggjort. Om-
vendt findes der adhæsionsfremmende tiltag, som kan gavne både sikkerhed og regularitet, og som 
derfor kun skal vurderes udfra en afvejning af omkostninger og gavn. 
 
Ingen enkelt af de løsninger, som de europæiske operatører og myndigheder anvender, er i sig selv 
tilstrækkelige til at løse problemet. Desuden er flere løsninger afhængige af, at flere andre forhold im-
plementeres. Eksempelvis ville en genindførelse af sandingsanlæg kræve et velorganiseret system til 
genopfyldninger, medens en mere effektiv og hyppig præparering (højtryksspuling) af skinnerne med 
langsomt kørende specialtog, kan medføre alvorlige forstyrrelser af køreplanen. 
 
Det vil derfor være nødvendigt at aftale og implementere en sammenhængende kombination af flere 




DTU’s kortlægning af internationale erfaringer omfatter ikke de konkrete tiltag, som faktisk er imple-
menteret eller planlagt i Danmark. Rapporten kan derfor ikke i sig selv begrunde konkrete tiltag eller 
anbefalinger. 
 
Der er i forvejen samarbejde mellem de berørte parter i Danmark om håndtering af lav adhæsion2. De 
internationale erfaringer indikerer ligeledes at koordinering mellem de mange forskellige organisatio-
ner er nødvendig. Problemer med lav adhæsion går på tværs af de organisatoriske skel, der er opstå-
et med opløsningen af tidligere tiders monopol og tiltag for at etablere et frit marked for togdrift, og 
derfor er et tæt samarbejde ikke bare naturligt men nødvendigt.  Afhængigt af, hvor tæt det eksiste-
rende samarbejde er, bør det overvejes at etablere en national strategi for håndtering af lav adhæsion, 
som indebærer at overordnede formål, delformål og tekniske og organisatoriske tiltag aftales inden 
konkrete opgaver fordeles mellem de involverede parter. 
 
2 Banedanmark: Notat af 23.10.2013: Håndtering af glatte skinner i Danmark 
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 5.2. Arbejdspakke A: Registrering og kortlægning af lav adhæsion / glatte skinner i DK 
 
5.2.1. Formål 
Formålet med arbejdspakkens empiriske undersøgelser var en afprøvning af muligheden for at etable-
re en sandsynlighedsmodel for forekomsten af lav adhæsion.  
 
5.2.2. Metode 
DTU’s kortlægning af forekomster af lav adhæsion beror på en kobling af GPS data med DLU-log bå-
de for IC3 og IC4 tog. Data er indsamlet af DSB i løvfaldsperioden oktober-november 2012 på stræk-
ningen København-Aarhus. Yderligere er meteorologiske data benyttet, samt oplysninger om banele-
gemet, så som skinneforhold og vegetation. 
 
Den anvendte model er en såkaldt logistisk regressionsmodel, hvor sandsynligheden for, at et bloke-
ringsflag forekommer i data er modelleret via tog- og skinnekarakteristika (herunder den umiddelbart 
tilgrænsende vegetationen) samt meteorologiske variable (bl.a. temperatur, vind, dugpunkt, nedbør).  
 
Det skal bemærkes, at den opstillede model på grund af mangelfuldt datagrundlag ikke direkte model-
lerer adhæsion, men derimod det såkaldte ’blokeringsflag’, som optræder i DLU log data filer som pro-
xy for at toget blokerer hjulene med efterfølgende ’slide’ af disse til følge.  
 
5.2.3. Data 
1. DLU datalogs fra sensorer monteret på togene; 
2. GPS-data logs fra GPS udstyr monteret på togene; 
3. Data fra Strækningsregisteret for at estimere afstand fra Københavns Hovedbanegård; 
4. Data om spornumre fra BDK, som bruges til at estimere hvilket spor der køres på; 
5. Data om sporkrumning fra Kurveregisteret; 
6. Data om elevation / fordybning fra BDK; 
7. Data om vegetationen langs sporene fra BDK; 
8. Meteorologiske data fra Dansk Meteorologisk Institut (DMI). 
 
5.2.4. Antagelser og forudsætninger 
Kvalitetssikring og co-registrering af data fra de mange forskellige kilder har vist sig udfordrende. Det 
har været nødvendigt at justere fremsendte data for hastighedsprofiler og bremseprofiler på grund af 
fejlagtige tidsmålinger. Det er DTU’s opfattelse at de resulterende modificerede data giver et retvisen-
de billede af hastigheds-og nedbremsningsforløb, men dette er dog en antagelse, som ikke fuldstæn-
digt kan verificeres. Anvendelsen af de meteorologiske data indeholder fortsat et element af usikker-
hed, som gør at de detaljerede resultater skal tages med forbehold. De overordnede resultater forven-
tes dog ikke at blive påvirket af dette. 
     
Ydermere har det vist sig, at den benyttede frekvens for GPS-oplysninger om togets position er pro-
blematisk i forhold til den nøjagtighed, som resultater fra en sådan undersøgelse må formuleres med. 
Afstanden mellem GPS datapunkterne er således relativt stor i forhold til den nøjagtighed som de øv-
rige data angives med. 
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 Undersøgelsens konklusioner baserer sig på resultater fra togkørsler fra blot 11 forskellige dage. Man 
skal holde sig dette for øje ved generalisering til hele løvfaldsperioden.  
 





Analysen kan opsummeres i brede termer som følger: 
 
• Det er muligt at modellere sandsynligheden for et blokeringsflag. 
• Sandsynligheden for et blokeringsflag afhænger af: 
 
o Glatheden af skinnerne  
o Togets hastighed 
o Bremsekraften 
o Karakteristika for sporet i form af kurver samt hævninger/forsænkninger 
 
• Én faktor, der signifikant påvirker glatheden af skinnerne, er løvfald. 
• Den samlede effekt af de fundne effekter af togtype (IC3/IC4) viser en signifikant højere sandsyn-
lighed for blokeringsflag for IC4 tog sammenlignet med IC3 tog, når der korrigeres for forskelle i 
hastighed, nedbremsning, baneforhold, meteorologiske omstændigheder samt løvfald. Denne sig-
nifikans er dog utilstrækkelig i sig selv til at understøtte en konklusion om signifikant forskel mel-
lem IC3 og IC4 togs bremseadfærd i situationer med lav adhæsion, primært fordi det ikke har væ-
ret muligt at få bekræftet, hvorvidt IC3 og IC4 togenes computere registrerer blokeringsflag med 
samme følsomhed, men også grundet det manglefulde datagrundlag. 
• Med et tilstrækkeligt datagrundlag forventes det, at metoden kan udvides til, dels hele løvfaldspe-
rioden, dels en vilkårlig skinneføring, også til tidspunkter udenfor løvfaldsperioden. 
Som eksempel på mulighederne ses på figur 1 til venstre et kort over sandsynligheden for at initiere 
en blokeringssekvens for forholdende under en specifik togkørsel den 29. oktober 2012. Til højre ses 
et tilsvarende kort, hvor antagelsen er, at der køres med 180 km/h samtidigt med, at der bremses. 
Sidstnævnte kort viser således sandsynligheden, hvis der bremses på et vilkårligt sted langs banen, 






Venstre side: Kort over sandsynligheden for at initiere en blokeringssekvens for en faktisk togkørsel, den 29. oktober 2012. De 
røde områder viser de strækninger, hvor der faktisk skete nedbremsninger og modellen viser at sandsynligheden for et bloke-
ringsflag blev beregnet til at være høj (populært sagt: der kunne forekomme slide).  Sandsynligheden for et blokeringsflag er 
selvsagt 0, hvor der ikke bremses. 
Højre side: Kort over sandsynligheden for at initiere en blokeringssekvens for samme togkørsel. Nu under den antagelse, at to-
get kører 180 km/h på hele strækningen og der nedbremses (bremseniveau 2.5) på hele strækningen (populær forklaring: man 
kan forestille sig ”der forsøges bremset en gang i sekundet”). De røde områder viser de strækninger, hvor modellen tilsiger, der 
er forøget sandsynlighed for at der kan forekomme slide. Modellen kan altså udtale sig om strækninger, hvor der ikke normalt 
bremses. 
De terrænmæssige og de meteorologiske forhold ved de to kort er de samme, eneste forskel er ”kørestilen”.  
 
Bemærk: for at fremhæve de forskellige skinnestrækninger visuelt er farveskalaen fra gul til rød for venstre figur 0-0.7 og for 
højre figur 0-1.0. Dette er et udslag af at køre 180 km/h på hele strækningen og have bremseniveau 2.5 på hele strækningen, 
hvilket naturligvis ikke er sket for den faktiske kørsel.  
 
Figurerne illustrerer godt, hvordan modellen kan bruges prædiktivt under forskellige scenarier: fx med ændret kørestil, ændrede 
meteorologiske forhold, og ændrede terrænmæssige forhold. 
 
5.2.6. Konklusioner 
DTU vurderer at en sandsynlighedsmodel for forekomsten af lav adhæsion kan etableres. For at en 
sådan model kan blive generelt anvendeligskal dataopsamlingen forbedres. Blandt andet er en øgning 
af GPS-frekvensen vigtig for at man kan måle den aktuelle deceleration af toget. Yderligere er on-line 
access til meteorologiske variable nødvendig.  
 
5.2.7. Anbefalinger 
Muligheden for at kunne håndtere udfordringerne med lav adhæsion på hurtig, målrettet og effektiv 
måde afhænger af kvaliteten og pålideligheden af de anvendte metoder til detektion og prædiktion af 
lav adhæsion under togkørslerne, samt den hastighed hvormed varslerne kan udbredes til de relevan-
te operatører. En kontinuert opdatering om faktiske forhold med lav adhæsion langs sporerne vil tilla-
de operatører at udstede målrettede varslinger I forhold til både tid og sted. Dette vil give lokomotivfø-
rerne mulighed for at tilpasse kørestilen til lav adhæsions forhold, samt iværksætte tekniske foran-
staltninger ved toget for at imødekomme gener og risici ved lav adhæsion.  
 
Pålidelige prognoser vil endvidere muligøre optimal udnyttelse af præventive tiltag fra den infrastruk-
turansvarlige som fx højtryksspuling, behandling med Sandite, etc.  
 
Udarbejdelsen af et praktisk anvendeligt varslingssystem vil skulle basere sig på en fornyet og tids-
mæssigt mere omfattende dataindsamling (blandt andet en langt højere GPS frekvens) end det i un-
dersøgelsen anvendte datasæt.  
 
Det er DTU’s opfattelse, at det er relativt nemt at udvikle et landkort over strækninger i Danmark med 
forhøjet sandsynlighed for forekomst af glatte skinner og et tilhørende varslingssystem. Derfor er det 
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 DTU’s anbefaling, at en større dataindsamling bør initieres med dækning af relevante strækninger 
over hele landet og for alle årstider. Dette vil så kunne danne grundlag for opbygningen af et dynamisk 
kort til prædiktion og varsling af lav adhæsion. 
     
 




For at undersøge om friktionsforholdene mellem hjul og skinne på IC4-toget adskiller sig fra forholde-
ne for IC3-toget er der foretaget en række eksperimentelle undersøgelser, hvor hjulmateriale fra hhv. 




Undersøgelserne udføres på en "Pin-On-Disc"-testmaskine (se figur 2.). Denne type testmaskine er 
almindeligt anvendt til eksperimentel måling af friktionskoefficienter i industrien og på universiteter. Di-
scen roterer med en forudbestemt vinkelhastighed og pinden trykkes med en kendt kraft mod discen. 
Det nødvendige moment til at rotere discen måles og friktionskoefficienten kan bestemmes. 
 
Skinnematerialet af typen UIC 60, som bl.a. ligger på banestrækningen ved Marslev, anvendes som 
”disc” (se figur 3). Hjulmaterialet for IC3 er R8T stål, og for IC4 er det R7T stål. Begge ståltyper er al-
mindeligt anvendte som hjulmaterialer. Hjulmaterialet indgår i testen som ”pin” (se figur 4). 
 
Forskellige ”smøremidler” påføres ”discen”, for at simulere de forhold der er tilstedet når der er glatte 
























Figur 2. Pin on disc test rig. 
Figur 3. Test disc. 
Figur 4. Test pin. 
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 5.3.3. Antagelser og forudsætninger 
 
Forsøgene er udført ved en relativ hastighed mellem pin og disk, der svarer til at toget kører med ha-





Forsøg med bladsaft som smøremiddel (bøgeblade) 
 
På figur 5 og figur 6 ses udviklingen i friktionskoefficienten for henholdsvis IC3-pin’en og IC4-pin’en, 
ved et kontakttryk på 16MPa. Friktionskoefficienten begynder at falde markant efter 90 meter i tilfældet 
med IC3-pin’en og efter 65 meter i tilfældet med IC4-pin’en. Dette fald i friktionskoefficienten sker 
samtidig med at bladsaften er tæt på udtørring. Den efterfølgende stigning i friktionskoefficienten sker 















Forsøg med bladsaft er imidlertid ikke velegnede til at sammenligne de to hjulmaterialer, idet det er 
vanskeligt at skabe eksakt de samme forsøgsbetingelser fra forsøg til forsøg.  
 
Forsøg med Rivolta smørefedt 
 
Figur 7 og figur 8 viser graferne for forsøgene foretaget med Rivolta smørefedt ved et kontakttryk på 









5.3.4.1. Forsøg med flydende sæbe som smøremiddel 
 
På figur 8 og figur 9 ses graferne for henholdsvis IC3- og IC4-forsøget, udført med flydende sæbe 
som smøremiddel, ved et kontakttryk på 15MPa.  
 
Den type sæbe har tidligere været anvendt i fuldskalaforsøg på en forsøgsstrækning i Sønderjylland. 
 
 
Figur 5. Eksperiment med IC3-pin og bladsaft ved 16MPa. Figur 6. Eksperiment med IC4-pin og bladsaft ved 16MPa. 






Forsøg med flydende sæbe som smøremiddel 
 
På figur 9 og figur 10 ses graferne for henholdsvis IC3 og IC4-forsøget, udført med flydende sæbe 
som smøremiddel, ved et kontakttryk på 15MPa. Denne type sæbe har tidligere været anvendt ved 
fuldskalaforsøg ved Vojens. Forsøgene med sæbe viser ikke signifikante forskelle på IC3- og IC4-

















Forsøg med rapsolie som smøremiddel 
 
Rapsolie har, i lighed med sæben, været anvendt i fuldskalaforsøg ved Vojens. I mange af laboratorie-
forsøgene med rapsolie ændrer friktionskoefficienten sig markant, alt efter hvor testdisc’en er i sin ro-
tationscyklus. Eksempler på dette ses figur 11 og 12, og især på polar-plottene på figur 13 og figur 14. 
På grund af disse udsving i friktionskoefficienten, vurderes det at forsøgene der er foretaget med 




















 Figur 9. Eksperiment med IC3-pin og flydende sæbe ved 15 MPa. 
 
Figur 10. Eksperiment med IC4-pin og flydende sæbe ved 15 MPa. 






Forsøg med vand som smøremiddel 
 
På figur 15 og figur 16 ses graferne for forsøgene med henholdsvis IC3-pin’en og IC4-pin’en, hvor 
vand er anvendt som smøremiddel. Friktionskoefficienten stabiliserer sig på omkring 0.35 for begge 
hjulmaterialers vedkommende. Til sammenligning er der i forsøgene med bladsaft målt friktionskoeffi-



















Der er ikke konstateret signifikant forskel på materialekombinationerne for hhv. IC3- og IC4-tog under 
de givne forsøgsbetingelser. Bremseevnen er således, hvad angår materialekombination mellem hjul 
og skinne, lige god for de to kombinationer.  
 
Bladsaft i kontakten mellem hjul og skinne virker stærkt friktionsnedsættende ved bestemte koncentra-
tioner af bladsaft. Friktionskoefficienten kan i ugunstige tilfælde reduceres til 1/5 af den normale. 
 
Undersøgelser af friktionsforholdene baseret på anvendelse af sæbe eller smørefedt kan bruges ved 




Testrækken har haft til formål at undersøge om friktionsforholdene mellem hjul og skinne på IC4-toget 
adskiller sig fra forholdene for IC3-toget, og danner således ikke basis for anbefalinger.  
Figur 13. Eksperiment med IC3-pin og rapsolie ved 15 MPa. Figur 14. Eksperiment med IC4-pin og rapsolie ved 15 MPa. 
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DTU’s mapping of incidences of low adhesion relies in a coupling af GPS data with DLU log data for IC3 and 
IC4 trains. Data are gathered by DSP in the leaf fall period October-November 2012, on the route from 
Copenhagen to Århus. 
The basic task of these empirical investigations was an investigation of the possibility of establishing a 
probabilistic model for the occurrence of low adhesion. Due to technical reasons, the available data were 
insufficient to facilitate the development of such sufficiently general model. However, the resulting 
analyses of the current data point towards a number of interesting and informative contexts. 
 
The model applied is a so-called logistic regression model, where the probability that a Blocking Flag occurs 
in data is modeled through train- and track characteristics (including surrounding vegetation), and 
environmental variables. It should be noted that, due to the nature of the available data, the modeled 
incident is the Blocking Flag, and not the phenomenon “low adhesion” directly. A Blocking Flag is a common 
event in the analyzed data, and it thus does not in itself point towards a situation where material or people 
are at risk. However, it does have economic consequences through rapid material degradation, just as the 
presence of wheels blocking over longer distances may lead to situations where there is risk of damage to 
material or people. 
The analysis may be summarized in broad terms as follows: 
• It is possible to model the probability of a Blocking Flag. 
• The probability of a Blocking Flag depends on: 
a) Slipperiness of tracks; 
b) The speed of the train; 
c) The level of braking power; 
d) Track characteristics in terms of curves and elevation/recess. 
• One factor that significantly affects the slipperiness of tracks with regards to Blocking Flag is leaf fall. 
• The discovered evidence on the effect of train types (IC3/IC4) is insufficient to support a conclusion of 
an overall significant difference between IC3 and IC4 trains for what regards low adhesion, even though 
it does support a higher probability of a blocking flag for IC4 trains in the survey period, to the extent of 
the validity of the analyzed data. 
• With suitable data available, it is expected that the method can be extended to both the entire leaf fall 
period and an arbitrary rail track, and also the time outside the leaf fall period. 





DTU therefore assesses that a probabilistic model for the occurrence of low adhesion may be established in 
general. For such a model to be applicable in general, an adaption of the data gathering scheme is required, 
primarily an increase in the GPS frequency, to facilitate an actual observation of the deceleration of the 
trains. Furthermore, online access to environmental circumstances is needed. 
 
The possibility of being able to handle challenges of slippery tracks in a fast, targeted and effective way 
depends crucially on the quality, and through that the reliability, of the methods that is used for detecting 
and predicting low adhesion during the train rides, as well as the speed with which such data are 
disseminated to relevant operators.  
A continuous updating on actual low adhesion conditions along rail tracks will allow operators to issue 
targeted warnings, relating to both time and position, and give the train drivers the possibility of adjusting 
the driving mode of the train in accordance with the low adhesion conditions, as well as applying possible 
technical solutions in the train to address genes and risks with slippery tracks. 
Reliable prognoses will support the timing of the launch of preventive measures from the owners of the 

























In the autumn 2012, a number of train rides were performed from Copenhagen to Jutland, to and possibly 
past Århus. Registry data from these train rides, in the form of log-data from the train computer, contains 
among other information a so-called Blocking Flag, which indicates if the wheels on the train blocks 
during braking, so that the train ’slides’ along the track. It should be emphasized that a Blocking Flag is a 
relatively common event in the analyzed data, and as such doesn’t point towards a situation where 
material or people are at risk. However, it does have economic consequences through rapid material 
degradation, just as the presence of wheels blocking over longer distances may lead to situations where 
there is risk of damage to material or people. 
 
 Data on GPS registrations of the trains’ positions, the trains‘ speed and braking power, the train type 
(IC3/IC4 train), the physical surroundings such as vegetation, the curvature of the track, elevation/recess of 
the track relative to the surrounding area, and registration of environmental data in the form of 
temperature, precipitation, humidity, wind, turbulence and global radiation, has formed a basis for an 
analysis of the impact of these quantities on the probability of obtaining a blocking flag. 
The analysis has focused on every time-point on the route where a braking has occurred. In these 
situations, the probability of a blocking flag has been modeled from train and track characteristics and 
environmental variables, at the time point and position where the braking has taken place.  
The working hypothesis H of the analysis has been the following:  
 
H: Slippery tracks increases the probability of a Blocking Flag 
 
Since no obvious measure of the degree of slippery tracks is available, the environmental data 
together with the surrounding vegetation (which may result in leaves on the track which in turn 




regression model. The  logistic regression model models the probability of a Blocking Flag when 
the train is braking, based on values for the environmental variables, the train characteristics and 
the track characteristics at a given time and place, and the model investigates the relations with 
this probability and the explanatory variables, with special emphasis on the working hypothesis H, 
and with special emphasis on characterizing differences in probabilities of blocking flag between 
IC3 and IC4 and their causes, if any. 
The data obtained for use in the model are described in Section 2.1 below, while data 
manipulations and independent variables (input) for the logistic regression model are described in 
Section 2.2. The model itself and is described in section 3, while results are presented in Section 4. 
Finally, the results are discussed and elaborated upon in Section 5. 
 
 
2. Data and data quality. 
 
Data from 30 train rides from Copenhagen to Jutland were obtained. The initial study data schedule 
required three train rides per day, two IC3 trains and one IC4 train. However, this for was only available for 
eight days in the study period, which ranged from October 29, 2012, to November 29, 2012.  The remaining 
three days where trains were run and data included in the study, only had two train rides per day. 
However, some of the datasets were incomplete, to a degree that rendered them unusable, as shown in 
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Table 1: Number of train rides that supplied data for the analysis, and the actual number of train rides used. 
 
 
Individual train rides are numbered from 1 to 30 for their use in the analysis. In annexes, individual train 
rides are presented by numbers. For relationship between these numbers and dates, litra, recorded train 
number and train type (IC3/IC4), see Annex F.  
 
Data for the analysis are comprised of the following components: 
 
1. DLU data logs from sensors mounted on the trains; 
2. GPS data logs from GPS tools mounted on the trains; 
3. Data from the Track Register (“Strækningsregisteret” in Danish), to estimate the distance traveled 
from Copenhagen central station; 
4. Data on track numbers obtained from Banedanmark, used to select the track curvature; 
5. Data on track curvature from the Curve Register (“Kurveregisteret” in Danish); 
6. Data on elevation/recess obtained from Banedanmark; 
7. Data on vegetation next to the tracks, obtained from Banedanmark; 




2.1 Description of datasets and their application. 
 
The individual datasets and their uses are described in the following. Since data manipulation meant that a 
lot of data were left out of the analysis, the description of data as they are utilized in the analysis is 
different from the below. The reader is referred to section 2.3 for this. 
 
 





The sensors recorded in the DLU log files are different for IC3 and IC4 trains, delivering different 
sets of information about each train type. In particular DLU log files for IC4 trains  are both time- 
and event-driven, and thus takes a picture of the state of the train every time an event happens, 
which could be events completely unrelated to the concepts that is investigated in this report. At 
each of these event time points, data on the train status is recorded in the DLU log file. The data 
obtained from the DLU log files for this study were: 
 
• Time Stamp; 
• Speed; 
• Braking power; 
• Speed Surveillance (SpeedVHlog); 
• Blocking Flag; 
• Latitude of position; 
• Longitude of position. 
 
For IC 3 trains, the blocking flag was not truly a blocking flag as described in the introduction, but a 
flag for blocking or slipping, where ‘slipping’ indicates low adhesion under acceleration. This 
ambiguity is dealt with by relating the blocking/slipping flag to the handle position for 
braking/acceleration, which is negative for braking and positive for acceleration, and assuming that 
Blocking Flags relate to braking, while Slipping Flags relate to acceleration.  The data were obtained 
for every time point where a registration had taken place in the DLU log. The DLU log files also 
contained a variable containing a ‘travelled distance’ estimate. This variable was not used first of all 
due to necessary data manipulations, as described in section 2.2, and second of all because the 
recorded travelled distance is a function of how many times the wheels have turned. In the event 
of slipping or sliding, this value will be an imprecise representation of the traveled distance. 
 
The different sensors in IC3 and IC4 trains indicate that the data arrive in different patterns during 
the train rides. The recordings for IC4 trains are more comprehensive than for the IC3 trains, 
meaning that more events are recorded and thus more data are available for IC4 trains during a 
train ride from Copenhagen to Jutland, than for IC3 trains. The numbers of recordings in the DLU 
files, for the relevant dates, are summarized in Table 2. For description of the IC3 and IC4 DLU log 
files, see Annex 1 and 2. 
 
The time spent on a train ride to Jutland is on average for IC3 trains 4.72 hours, and for IC4 trains 









IC3 19 1378 2466 3601 4.72h 1/7 
IC4 11 31318 39721 45225 3.53h 3.1 
 
 







2.1.2 GPS data logs. 
 
In contrast to DLU data, GPS data are from the same the same type of equipment on both IC3 
and IC4 trains, and therefore the order of magnitude in the number of data is similar between 
IC3 and IC4. However, the GPS data log files were much smaller than the DLU data files, which 









IC3 19 250 369 428 4.72h 46 
IC4 11 188 269 380 3.53h 47 
 
Table 3: Number of registrations in the GPS log files for the dates in the study period. 
 
The data obtained from the GPS log files for this study were: 
 
• Time Stamp; 
• Speed; 
• Latitude of position; 




2.1.3 Data from the track register (“Strækningsregisteret” in Danish).  
 
In order to link the positions of the trains with the track characteristic, it is necessary to 
calculate the distance traveled from a fixed point source, which in the used version of the track 
characteristics are given as the distance to Copenhagen Central Station. The recordings on 
traveled distance in the DLU logs could not be used for this, first of all because of the data 
manipulations described in section 2.2, and second because some trains started at Copenhagen 
Central Station, while registrations of other trains started at Tårnby. To pinpoint the exact 
traveled distance, the track distance between Copenhagen Central Station and 40 stations on 
the route to Århus were obtained from the Track Register as the data recorded as 
“stationsmidte”, ie. ‘midpoint of station’, with the intention of utilizing these distances as 
reference points. Manual calculations of track distance for a sample of stations confirmed that 
the “stationsmidte” variable adequately represents the true track distance from the 40 stations 







2.1.4 Data on track lanes.  
 
On the train rides from Copenhagen to Jutland, multiple track lanes usually lie in parallel to 
each other, of which the train only uses one. When only two different track lanes are present, 
the train usually uses the right hand side lane viewed from the travel direction (Hanne Kiærulff, 
Banedanmark, personal communication August 21, 2013). However, in situations with multiple 
track lanes, for example in areas around stations and junctions where other railroad lines are 
encountered, it is not obvious which track lane that the trains use, and in some situations it 
varies with the train ride. The problem is illustrated in Figure 1 below taken from Krak.dk, 
which shows the railway track at Toftegårds Alle, Valby. Here, it is evident that the red S-train 
on the picture uses the upper lane, which is the right-most lane when the tracks are viewed 
east to west. It is well known that the trains that run to Jutland do not use the two 
northernmost track lanes on the picture. One of the northernmost lanes on Figure 1 curves 





Figure 1: Track lanes around Toftegårds Alle near Valby Station. Source: Krak®/Eniro 
Danmark A/S. 
 
The track lane has an impact on the curvature of the considered lane at a given position, in that 
it is not possible to assume that lanes at a given position curve in the same way (Hanne 
Kiærulff, Banedanmark, personal communication). To facilitate this problem, data has been 
obtained from Banedanmark on request, giving the lane that at any point on the route from 
Copenhagen to Århus should be considered as the lane that the train considered is most likely 
to use. These data are used to select the curvature of the track. The lanes are identified as the 




obtained data, and indexed with the traveled distance to Copenhagen until Fredericia Station, 
and the traveled distance from Fredericia Station after that. 
 
 
2.1.5 Data on track curvature from the Curve Register. 
 
Data from the curve register contains start and end points for curves on the railway track, 
indexed by lane number and distance from Copenhagen Central Station, or from Fredericia 
Station if the curve appears after Fredericia. Furthermore, a variable named “Strkafs” 
determines the position in the country, which determines whether the index is relative to 
Fredericia Station or Copenhagen Central Station. It has been necessary to cross-check the 
variable Strkafs for all curves with the Track Register/ ”Strækningsregisteret”, to determine if 
the index was relative to one station or the other, in particular because some curves have their 
starting point index relative to Copenhagen Central Station, and their end point index relative 
to Fredericia Station.  
The curvature of every curve is determined through an approximating circle. The reciprocal of 
the radius of this circle determines the curvature of the track lane, so that the bigger the 
approximating circle, the lesser the curvature. To illustration, Figure 2 depicts the 







Figure 2: Curvature determination of the curve C in the point P, by use of an approximating 
circle with radius r. 
 
In the extract from the curve register, the radius of the approximating circle is given in meters 
in the variable ‘Radius’ (see Annex 3), and the reciprocal of this variable, for the lane identified 






2.1.6 Data on elevation/recess. 
 
Data on elevation and recess relative to the surrounding area was obtained from 
Banedanmark, indexed by distance from Copenhagen Central Station or Fredericia Station. It 
turned out that the positions in the data material were relative to a number of index points, 
and that the distances to Copenhagen Central Station for these index points were not directly 
obtainable. New data were acquired from Banedanmark on August 15, 2013.  After quality 
check of these data, it has been necessary to correct the distance for 20 items, using corrected 
distances from Banedanmark. From this register, the following data were obtained, where 
reference station refers to either Copenhagen Central Station or Fredericia Station where 
appropriate: 
 
• Presence of elevation/recess, relative to the right hand side of the track; 
• Presence of elevation/recess, relative to the left hand side of the track; 
 
• Level of elevation/recess on the right hand side of the track; 
• Level of elevation/recess on the left hand side of the track; 
• Start of elevation/recess in terms of distance to reference station; 
• End of elevation/recess in terms of distance to reference station. 
 
 
2.1.7 Data on vegetation next to the tracks. 
 
Data obtained from Banedanmark contained  
 
• start and end positions for areas of vegetation;  
• whether the area was positioned to the right or left side of the track, or ‘crossing’;  
• area in square meters of the vegetation area;  
• vegetation type (forest, bushes or solitaire trees). 
 
As with the data on elevation/recess, it turned out that the positions in the data material were 
relative to a number of index points, and that the distances to Copenhagen Central Station for 
these index points were not directly obtainable. New data were acquired from Banedanmark 
on August 15, 2013. After quality check, 12 items needed to have their positions corrected. 
Furthermore, the indicator for two groups of items (one around Vejle, and one around 
Roskilde) appeared to signify that the vegetation lay next to tracks not on the studied route. 
After consultation with Banedanmark/Lone Guldbrandt Jørgensen, the item group around Vejle 
was left out of the analysis, while the item group around Roskilde was kept, as it was still next 






2.1.8 Data on environmental variables. 
 
Data on environmental variables were obtained from the Danish Meteorological Institute (DMI) 
as follows. The train ride on November 2nd with train number 8107, litra 5657 was arbitrarily 
selected as reference ride, and the positions from the GPS log file (264 positions) were 
forwarded to DMI. For these 264 positions, values of environmental variables as described in 
Table 4 were obtained from DMI for every whole hour during the survey period, based on 
triangulation of model results in a 3 x 3 km grid across Denmark.  
 
 
Name Description Scale 
PRES Accumulated Precipitation Kg/m2 
T_2 Temperature at 2 meters’ 
Height 
Kelvin 
TD_2 Moisture Indicator; Dew Point 
Temperature at 2 meters’ 
Height 
Kelvin 
VS_10 Wind Speed at 10 meters’ 
height 
m/s 
VD_10 Wind Direction at 10 meters’ 
height 
Degrees; 0-360° in a right 
rotated coordinate system 
with 0° being north. 
TKE Turbulent Kinetic Energy m2/s2 
GLOR Accumulated Global Radiation kJ/ m2 
 
Table 4: Environmental variables obtained from the Danish Meteorological Institute. 
 
 
Notes to table 4: 
• The accumulation of PRES and GLOR was done in 6 hours intervals, so that for each of 
the 264 positions and each 6 hour interval, 7 values were obtained. Of these 7, the 6 
sequential differences were used so describe the one-hour level of precipitation and 
global radiation, respectively, so that t. ex. the value at 6 o’clock in the morning was 
taken to be the last value of the 6 differences from the 7-tuple that referred to the time 
frame 0-6 am, rather than the first of the differences that referred to the time frame 6-
12 am. Thus, the value indicated the precipitation/global radiation over the last hour. 
• The GLOR variable contains both direct and diffuse radiation that hits the surface. 
 







2.2 Data manipulation and description of model input. 
 
The obtained data have been manipulated in several ways prior to statistical analysis, both due to standard 
rearrangements of data, but also due to poor data quality, in particular the DLU log data. Furthermore, the 
small number of GPS log data points relative to DLU log data points has meant that a number of 
approximations have had to be made, which makes the analysis imprecise. This is further discussed in 
section 2.3. 
In order to make comparable studies of trains that run on the same route, the data were limited to the 
route from Copenhagen Central Station to Århus Station. 
Furthermore, since recordings for some trains started at Copenhagen Central Station, and for others at 
Tårnby Station, the data were reduced to 2 km’s after Danshøj Station: The routes from Copenhagen 
Central Station and Tårnby Station are gathered into a single route, shortly after Danshøj Station, see Figure 
3. Because the statistical models uses data on vegetation up to 2km backwards on the track, 2 km after 
Danshøj Station was deemed the first point on the track from where trains from Copenhagen Central 
Station and Tårnby Station would have comparable environmental variables. 
 
 





Log data used 











2.2.1 DLU and GPS data logs. 
 
After reducing the data as described, the Speed profiles for the 30 train rides were plotted from 
both GPS and DLU logs. When these were not aligned, a shift of one hour occurred. In these 
instances, a 1 hour correction was made to the DLU log time stamp, considering the GPS data 
as the correct ones. This was the case for two train rides. 
 
2.2.1.1 Missing data in the train speed recordings. 
 
The DLU log data suffered from missing data. For 4 train rides, the complete speed profile 
or a large part of it was comprised of obviously incorrect measurements of speed 0 (since 
the GPS log file showed that the train was moving), and registrations that were simply 
missing. An example of a partially missing speed profile is shown in Figure 4.  
 
Figure 4: Speed profile for train number 23, litra 5053, on October 29th. 
 
 
For these 4 train rides, the Speed registration was replaced by the variable SPEEDVHlog, which 
correlated strongly with Speed. 
 
2.2.1.2 Backwards shifts in the DLU log time stamp. 
 
Erratic registrations uncovered by the speed profiles persists. In Figure 5, another speed profile 
is plotted. It is clear from the proximity of large changes in registered speed that the data here 
are flawed.    
 
















Figure 5: Speed profile for train number 5107, litra 5653, on November 13th. 
 
 
The reason for this is uncovered by connecting the speed registrations in the sequence from 
the dataset from Banedanmark, rather than with increasing time stamps. This is shown in 
Figure 6 below. 
 
 
Figure 6: Speed profile for train number 5107, litra 5653, on November 13th. Plotted 
sequentially as data were received from Banedanmark. 






































It follows from Figure 6 that the time stamp is not contiguous. At a number of instances, 
marked by red arrows, the time stamp is shifted backwards in time. Some of these time shift 
has been explained by recorded balise telegrams, which shift the time by one hour. However, 
these only cover a fraction of the total number of time shifts found. It has not been possible to 
obtain an explanation for these erractic recordings from the data provider, apart from the 
balise telegrams. This phenomenon has previously been observed (Mogens Blanke, DTU, 
personal communication).  
 
To counter the problem, all 30 speed profiles have been investigated for time shifts. It appears 
that often a backwards shift in time is followed by a similar forward shift, but it is not always 
the case, and in some situations the following forward shift does not have the same size as the 
backwards shift. The speed profiles were adjusted such that all backwards shifts were 
cancelled, and following forward shifts that sum to the same size as the backwards shift was 
likewise cancelled. The forward shifts following a backwards shift were identified as outliers in 
the differenced speed profile following the backwards shift. In Figure 7 below, the exemplified 
speed profile, cleansed for time shifts, is shown. 
 
 
Figure 7: Speed profile for train number 5107, litra 5653, on November 13th, corrected for 
time shifts. 
 
Time shifts occurred in 24 out of 30 train rides. In 11 of the 24 train rides with time shifts, 
the shifts could not be explained by balise telegrams. Not counting time shifts due to balise 
























2.2.1.3 Missing data in the train speed recordings. 
 
In 4 train rides, no recordings of the train braking between Copenhagen and Århus have 
been made. For the statistical analysis, data are reduced to only the recordings where the 
train brakes, which leaves these train rides out of the analysis. 3 of these 4 train rides are 
identical to 3 of the 4 train rides that only had partial speed profiles recorded. 
 
 
2.2.1.4 Re-aligning the traveled distance. 
 
The DLU and GPS log are linked through the time stamps, which also links them to the 
environmental variables. However, in order to link the observations to the track 
characteristics and vegetation, it is necessary to calculate the distance traveled from 
Copenhagen Central Station for each observation, as this is what indexes track 
characteristics and vegetation. It is noted earlier that the recorded traveled distances in the 
DLU files cannot be used for this. However, it is also not possible to calculate this through 
measurements of time traveled and speed, because the GPS data only numbers a few 
hundred observations. Such an approximation will set straight lines through curves, and 
already at Glostrup Station, deviances from the actual distance of up to 500 meters have 
been found with this method.  
 
Instead, the traveled distance from Copenhagen Central Station to 40 stations are found 
from the Track Register as described in Section 2.1.3. Between two such stations, the 
traveled distance is found for the GPS reference recordings by taking interpolation 
between GPS positions.  For a given GPS position, λ is taken to be the percentage of the 
sum of the point-to-point traveled distances between the two stations. The traveled 
distance at the given point is then the convex linear combination given by λ of the traveled 
distance at the two surrounding stations.   
For DLU log data, the distance traveled from Copenhagen Central Station for a given 
registration is found by identifying the GPS reference recordings (on November 2nd with 
train number 8107, litra 5657 ) immediately before and after. The distances to these two 
points are found through registrations of longitude and latitude, and the traveled distance 




2.2.2 Construction of inputs to the statistical analysis. 
 
 








 Train Type Minimum Mean Maximum 
Speed IC3 1 115.8 184 
Speed IC4 1 69.7 147 
Braking Power IC3 -8 -2.64 -1 
Braking Power IC4 -8 -2.76 -1 
 
Table 5: Summary of speed and braking power. 
 
It is noticeable that braking is registered as negative, since the braking power is equaled to a 
handle position, that takes values from -8 to -1 when braking. 
 The number of Blocking Flags is shown in Table 6 below. It should be noted that Blocking Flags 
typically occur in sequences, so that the probability of obtaining a Blocking Flag also depended 
on whether a sequence of blockings has been initiated. This is discussed in section 4. 
 
 
Train Type Blocking Flag No Blocking Flag All 
IC3 107 6690 6797 
IC4 2879 55417 58296 
All 2986 62107 65093 
 
Table 6: Blocking Flags. 
 
 
The impact of vegetation is likely to depend on the wind direction. If, t. ex., the vegetation is 
placed to the right of the track lane and the wind comes from the left side, the wind will blow 
leaves away from the track and not onto it. Conversely, if the wind comes from the right, the 
wind will blow leaves onto the track, which may result in leaf juice on the tracks, implying the 
tracks to be slippery.  The wind direction relative to the south-north axis is obtained from the 
environmental data, and to utilize this, it is necessary to find the angle with the track direction 
and this axis. After converting the reference GPS coordinates from latitude-longitude to UTM 
coordinates, the angle for the reference GPS data is found by taking the vector between the 







Figure 8: The track angle θ with the South-North axis for the point B, following Abut prior to C. 
 
The angles for the DLU data are then obtained as convex linear combinations of the angles for 
the reference GPS registrations. 
 
2.2.2.1 Construction of vegetation indexes. 
 
To measure the amount of leaves that potentially may be blown onto the track, 
vegetation indexes for three forms of vegetation are constructed: Solitary trees, 
forest and bushes. 
The Forest Index  𝐼𝐹 is constructed as follows: At each position and corresponding 
time point, it is investigated if forest is present to the right of the track. If so, the 
forest patch in question has its area divided by its length, to estimate the thickness 
of the patch.  The thickness index T is then assessed such that the impact of trees 
decreases linearly with the distance from the track, until 30 meters of thickness. A 
thickness of 30 meters thus gives T=1, while a thickness of 15 meters gives T=3/4, 
and a thickness of 10 meters yields T=4/9. Let 𝜃𝑊 and  𝜃𝑇  denote the angle for the 
wind direction at the given time point and the track, respectively, and let 𝑇𝑅, 𝑇𝐿 
denote the thickness index to the left and right of the track, respectively. The 
vegetation index 𝐼𝐹 for forest is then calculated as  
 
 
𝐼𝐹 = |sin (𝜃𝑊 − 𝜃𝑇)|�𝑇𝑅1{sin (𝜃𝑊−𝜃𝑇)<0} + 𝑇𝐿1{{sin (𝜃𝑊−𝜃𝑇)>0}}� 
 












The index 𝐼𝐵 for bushes is computed in a similar fashion, but with a 10 meter linear 
decrease rather than the 30 for trees, while the index 𝐼𝑆 for solitary trees is based 
on simple presence of solitary trees.  
Vegetation indexes for vegetation over the last 500 meters, the last 1 km and the 
last 2 km of the track prior to the current position was constructed by averaging the 
thickness index over the relevant track section, and using the current wind direction 
as above. The indexes are summarized in Table 7 below, with respect to the data 
used in the logistic regression analyses. 
 
 
Vegetation Direct position 500 meters back 1 km back 2 km back 
 %positive Mean %positive Mean %positive Mean %positive Mean 
Forest 11% 0.21 22% 0.11 32% 0.08 47% 0.06 
Bushes 5% 0.35 11% 0.15 12% 0.09 14% 0.05 
Trees 0.1% 0.58 4% 0.06 4% 0.03 4% 0.01 
 
Table 7: Summary of vegetation indexes, for the values used in the logistic 
regression analyses. The given means are conditional on the indexes being positive. 
 
 
Similar to the environmental explanatory variables, the vegetation indexes are 
accumulated backwards in time for 3, 4, 5, 6, 7, 8 and 24 hours, for use in the 
statistical analysis. 
To assess the impact of the use of thickness index, index that replaces the thickness 
indexes with simple presence of forest or bushes, and their average over similar 
track sections prior to the position of a registration are also calculated. 
 
Vegetation index that appeared significant from the statistical analysis are shown as 
a function of the distance to Copenhagen Central Station, for each individual train 
ride, in Annex H. 
 
2.2.2.2 Construction of indexes for impact of elevation/recess. 
 
Elevation and recess are supposed to impact through their modification of the risk 
of having leaves on the tracks. Indexes similar to the vegetation indexes are 
therefore calculated, substituting the thickness index with the height of 
elevations/depth of recesses in meters. The indexes are summarized in Table 8.  
 
 




Elevation 30% 0.0096 3.25 17.55 
Recess 21% 0.0004 4.15 28.78 
 
Table 8: Summary of elevation/recess indexes. The given means are conditional on 
the indexes being positive. 
 
The recess with index more than 28 meters lies just before Vejle. 
 
Index for elevation and recess are shown as a function of the distance to 




2.2.2.3 Accumulated values backwards in time. 
 
The environmental variables listed in Table 4 are all used as explanatory variables 
directly in the logistic regression analyses, with the exception of WD_10, wind 
direction in 10 meters height. Furthermore, the accumulated values backwards in 
time for 3, 4, 5, 6, 7, 8 and 24 hours are also used as explanatory variables. The 
variables are summarized in Table 9 below, where it is noted that temperature and 





Acc. 3h Acc. 4h Acc. 5h Acc. 6h Acc. 7h Acc. 8h Acc. 
24h 
PRES 0.14 0.38 0.49 0.57 0.64 0.70 0.73 2.02 
T_2 4.73 13.53 17.88 22.27 26.75 31.34 36.03 120.60 
TD_2 3.27 9.34 12.37 15.46 18.69 22.05 25.58 88.18 
WS_10 5.42 16.05 21.27 26.41 31.47 36.47 41.50 106.03 
TKE 1.49 4.35 5.71 7.05 8.34 9.61 10.90 24.85 
GLOR 124.1 187.1 187.4 187.4 187.4 187.4 187.4 2868.1 
 
Table 9: Summary of environmental explanatory variables. 
 
The data for environmental variables for individual train rides, immediate and 
accumulated backwards in time, is depicted as a function of the distance to 
Copenhagen Central Station in Annex G. 
 





Curvature is included as an explanatory variable, as described in Section 2.1.5. The 
curvature is summarized in Table 10 below. 
 
 
% positive Min Mean Max 
32% 0.001 0.56 0.98 
 
Table 10: Summary of curvature. The given mean is conditional on the curvature 
being positive. 
 
Curvature of the track as a function of the distance to Copenhagen Central Station 
is shown in Annex H. 
 
The calendar time is also included is explanatory variable: A major requirement of 
t.ex. the vegetation indexes is that there a leaves to blow on the tracks when the 
wind blows and the vegetation indexes are positive. It would therefore be natural 
with a leaf index, which, as a function of calendar time, temperature and moisture 
delivers an expected fraction of the leaves that has been shredded. However, the 
process of losing the leaves varies from tree type to tree type, and further depends 
on environmental variables. After consulting with specialists at Section for Forest, 
Nature and Biomass, University of Copenhagen, it has been concluded that a leaf 
index is not part of present knowledge and will have to be developed. Such a 
development project is outside the scope for the current work. However, to 
account for such an effect, the calendar time from survey start is included as 
explanatory variable, but in its pure form and in a number of powers; The reason 
for this is first of all to account any impact outside the included explanatory 
variables, and second to mimic a sequential part of a leaf index, through interaction 
with the vegetation indexes. Assuming that the leaf index for the season in 2012 
may be thought of as a smooth function of time, this function may be approximated 
by polynomials in time through Taylor expansion. 
 
Blocking Flag Sequence Indicator is included as an explanatory variable. The point is 
that as noted, blockings often come in sequences, and due to the much higher 
number of recordings in IC4 DLU logs, one could suspect that a much larger number 
of blockings will be registered for IC4 trains, also relative to their larger number of 
recordings. Indeed, it is clear from Table 6 that the frequency of Blocking Flags is 
much higher for braking IC4 trains than for braking IC3 trains. This is remedied by 
introducing a variable that indicates that the current recording is part of a Blocking 
Flag Sequence, in that the previous measurement has a Blocking Flag. This obviously 




explanatory variables, but it conforms with successive conditional independence, 
which is a sufficient independence criteria to apply the model described in section 

























IC3 51 6639 0.77% 56 51 52% 6797 
IC4 294 55123 0.53% 2585 294 90% 58296 
All 345 61762 0.55% 2641 345 88% 65093 
 
Table 11: Blocking Flags adjusted for Blocking Flag Sequence. 
 
It follows from Table 11 that when blocking sequences are accounted for, the Blocking Flag 
ratios for IC3 and IC4 trains are comparable. Blocking Flag Sequence introduces a large extra 
risk, so it is expected that the model impact of the Blocking Flag Sequence will be 
correspondingly big.  
 
 
2.3 Summary on data and data quality. 
Under ideal circumstances, it is believed that the data types available for this study should be 
sufficient to perform a thorough analysis with reliable results. However, a number of issues 
limit the applicability of the conclusions. 
 
A. The low number of GPS data points relative to the large number of DLU data 
points. Since positions are extracted from the GPS data, this makes estimates of 
the position, and thus track characteristics, vegetation and environmental 
variables, crude. The impact of this has not been assessed.  
 
B. The data quality of the speed profiles and braking registrations limits the validity of 
the results. The speed profiles have more or less all had to be adjusted for time 
shifts, and while it is believed by the authors that the resulting profiles are close to 
what should have been recorded, there is no way of knowing it for sure. The large 




C. The data are gathered on a limited number of days. Data from only 11 different 




will be relative to circumstances for these specific days. In other words, there is a 
risk that the results may not be generalizable to the whole leaf fall period. Also, it is 
of course not generalizable to periods outside the leaf fall period. 
 
 
However, should the above issues be overcome, the authors are of the opinion that the 






3. Statistical analysis: Inference. 
 
A logistic regression model for the probability of a blocking flag, on the form 
 
𝑙𝑜𝑔𝑖𝑡�𝑝(𝐵𝑙𝑜𝑐𝑘𝑖𝑛𝑔 𝐹𝑙𝑎𝑔)� =  𝑋𝑇𝛽 
 
at any given time and position, where 𝛽 is a vector of parameters and X an extract of the described 
explanatory variables and their interactions, is the basic analytical tool that is applied. However, when 
performing statistical inference, the large number of parameters constitutes a problem. The Inference 
problem is handled in the following way: 
 
1) An initial model is set up, constituting of all the explanatory variables described in Section 2.2, with 
calendar time included with a power of up to 5, but excluding variables accumulated over time. An 
indicator signifying if the train is an IC4 train is also included. 
 
2) 1st order Interactions are included in the model. Quadratic effects of Braking power, Speed and all 




3) The model is reduced at a 5% test level. 
 






a. For all values of lag time, 0, 3-8 and 24 hours, a temporary model is constructed by adding 
the variables accumulated over the lag time in question, and interactions with track and 
train ride characteristics.  If any variable is present in the model with the same lag time, 
interactions with this variable are also included. 
 
b. The temporary models are reduced at a 5% level; 
 
 
c. The Akaike Information is calculated for all 8 temporary models; if the Akaike Information 
Criteria for any of the 8 temporary models is lower than the Akaike Information for the 
current model, the current model is substituted with the temporary model having the 
lowest Akaike Information. 
 
5) When no improvement may be found from the above procedure, the model is reduced at a 1% test 
level. 
 
The resulting model constitutes the final descriptive model for the data. The fit of this model will be 






Coefficients in the final model are presented in Annex D. In the following, the results are 
summarized, and the impact of each group of explanatory variables is discussed. 
 
First, it should be noted that the coefficients are on the logit scale, which implies that the effect is 
multiplicative on the odds of a blocking flag (ie., p/(1-p), where p is the probability of a Blocking 
Flag). Thus, the estimate of the linear predictor 𝑋𝑇?̂?  from the formula in section 3 is not directly 
translatable as a probability. If a coefficient multiplied with an explanatory variable, that forms a 
part of the linear predictor 𝑋𝑇?̂?,  has the value 1, it means that the effect of the variable is 
multiplication of the odds for a Blocking Flag with 𝑒𝑥𝑝(1) = 2.72, compared to if the variable was 
0. This may turn the probability of a Blocking Flag from close to 0 into something non-ignorable, but 
if the linear predictor is otherwise very low, it will not change anything at all. In Figure 9 below, the 
linear predictors cleansed for the effect of Blocking Flag Sequence is drawn, together with the 
transformation from linear predictor to probability for Blocking Flag. Here, adding 2.72 to the linear 
predictor may change the odds to a non-ignorable value if the linear predictor is already at a high 
value, say, -1, but if the linear predictor is at t. ex. -10, a change to -7.28 will not matter the least, 




The probability of a Blocking Flag is much higher than what is depicted in Figure 9, when the 
blocking flag effect is included. This is discussed in section 4.2 below. 
 
The value of the parameters described below, which all belong to the logit scale, should be viewed 
in light of this. 
 
 
Second, it should be emphasized that the probabilities of a initiating a Blocking Flag Sequence, 
which is what is depicted in the bottom most graph of Figure 9, is only the probability of initiating 
such a sequence between two measurement points. It therefore cannot be translated into t. ex. the 
probability of initiating a Blocking Flag sequence during the passage of a certain part of the track, 











4.1 Model fit. 
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  In order to investigate the effect of the use of thickness index, the final model was modified to 
use the indicators for vegetation, elevation and recess, without modifying these with the 
thickness index. However, the modification resulted in an increase in the Akaike Information of 
about 63, rendering the model less reliable than the one where thickness index were applied. 
This justifies the more complicated approach compared to indicators. 
 
  Figure 10 shows the temporal correlation of residuals errors from the model fit, after 
completion of point 4) in the described procedure for the statistical analysis, see section 3.  
From this figure it follows that all temporal correlation is completely removed, and thus 
indicates that the model fits the data suitably well at this point. The picture is slightly disturbed 
after the reduction at a 1% test-level, but this fact represents a necessary compromise between 
model complexity and fit.  
 
Figure 10: Temporal autocorrelation of model residuals, after forward selection. 
 
 
4.2 Impact of Blocking Flag Sequence. 
 
As expected, the Blocking Flag Sequence has a large impact. A record in a blocking sequence 
has the linear predictor increased by 2.721044 compared to a similar record which is not in a 
Blocking Sequence.  This effect increases linearly with calendar time during the survey period, 
so that at the end of the survey period, the linear predictor is increased with 3.806409 for a 
record in a blocking flag sequence.  
 
Also, the probability of a Blocking Flag is further increased by 2.373108 if the train in question is 
an IC4 train. This should be held up against that IC4 trains have much longer blocking flag 






















sequences than IC3 trains, and it therefore cannot be taken as a direct effect of train type, but 
should be viewed merely as compensator for the long Blocking Flag sequences for IC4 trains. 
 
The effect of leaves from forests is lessened for records in a blocking flag sequence. It is still so 
that the presence of forest increases the probability of a blocking flag (see section 4.6), but at a 
much lower rate than for non-blocking flag sequence records, likely a reflection of an already 
high level of the linear predictor. The impact of adding up to 6 to the linear predictor may be 
seen from Figure 9. 
 
4.3 Dependency on train type (IC3/IC4). 
 
In general, there is a higher probability of initiating a Blocking Flag for IC4 trains than for IC3 
trains. However, the effect is blurred by interactions with a.o. speed and the squared speed of 
the train, which means that the effect is not obvious at high speeds (here it should be 
emphasized that IC4 trains were limited to a speed of 140 km/h in the survey period). However, 
a detailed investigation of the differences between IC3 and IC4 trains is taken up in section 5.2.  
 
IC4 trains are not indicated to be dependent on the immediate humidity in terms of TD_2 as 
IC3 trains, but a similar amount of risk is instead being put on the immediate temperature T_2. 
The increasing risk with increasing wind speed is not so pronounced for IC4 trains than for IC3 
trains, and the effect of precipitation backwards in time is slightly altered.  
 
 
4.4 Dependency on train speed. 
 
The effect of speed depends on dew point, train type, vegetation indexes and elevation index.. 
The relation with dew point is both through the immediate value and accumulated values back 
in time, and a higher dew point tend to increase the effect of speed. Elevated terrain index 
tend to decreases the effect of speed, while high speed tend to lessen the effect of forest index 
and bushes index.  The effect for IC3 and IC4 train types is substantially different. For average 
values of the environmental variables, assuming no presence of leaves nor elevated terrain, the 
dependence on the logit scale is depicted in Figure 11 below. The apparent decrease in effect 
for IC4 trains for trains with a speed above 100 km/h is artificial, and a result of modeling date 
through polynomials of up to 2nd degree. The confidence bands on the figure indicate that it is 





Figure 11: The effect of speed on the linear predictor for initiating a Blocking Flag sequence, 
for average values of the environmental variable and no effect of leaves or elevated terrain. 
Dashed lines indicate standard 95% confidence intervals. The estimated difference between IC4 
and IC3 trains under average circumstances is added to the effect of IC4 trains. 
 
 
4.5 Dependency on braking power. 
 
The probability of a Blocking Flag increases with the numerical value of the braking power (the 
handle position).  The effect is altered through the elevation index, the train type and the accumulated dew 
point.  Elevated terrain tend  to increase the effect, while high values of accumulated dew point values 
seem to lessen the effect of hard braking, just as IC4 trains have a slightly lesser effect of hard braking than 
IC3 trains. The effect of braking power is not indicated to be altered by any vegetation indexes. The effect 
on the logit scale is nonlinear.  
The effect of braking power for average values of environmental variables is depicted in Figure 
12. The high level on the 2nd axis should be noted: The effect of hard breaking is substantial. Another 
notable thing is that the two effect lines for IC3 and IC4 trains intersect each other at a braking power of 
about 2.35, which is relatively close to the average braking power of trains running at 180 km/h: For trains 
running between 178-182 km/h when braking is initiated, the average braking power was 2.6.  
 
     
      
     
     
     
      
      
     
     
     
      
     
     
     
      
      
     
     
     
      
      
     
     
     
      
     
     
     
      
      
     
     
     









   
  
   
   
   
   
   
   
   
    
    
    
     
      
        
                                                                    

































Figure 12: The effect of braking power on the linear predictor fir initiating a Blocking Flag 




4.6 Dependency on vegetation and calendar time. 
 
The effects of vegetation and calendar time are linked. Solitaire trees do not have any 
significant effect on the probability of a Blocking Flag, just as accumulation backwards in time 
of the vegetation indexes do not result in statistically significant parameters.  
The effect of the immediate forest index is a statistically significant increase in the probability 
of initiating a Blocking Flag sequence. The effect decreases with train speed however, and can 
no longer be detected at a speed around 140 km/h.  The forest index also interacts with the 
Blocking Flag sequence indicator, lessening the impact of the  Blocking Flag sequence with 
about 0.2 on the logit scale.  
Forest impacts through the average index 1 and 2 km back on the track, with a complicated 
interaction pattern with accumulated values for temperature, dew point, wind speed, solar 
radiation and calendar time.  
Calendar time interacts with wind speed, accumulated values for temperature, and the forest 
2km index. The effect of accumulated temperature (over 3 hours) increases with calendar time, 
while the effect of wind speed decreases over calendar time. The effect on the probability of 
initiating a Blocking Flag sequence of calendar time, under average environmental conditions 
(where effects of wind speed and 3 hours accumulated temperature is allowed to develop in a 
linear way as a function of calendar time), is depicted in Figure 13. Figure 13 illustrates the 
situation with a forest index of 0, a forest 2km index of 0.064, corresponding to the mean 
   
   
   
   
   
   
   
   
   
  



















































forest 2km index from the data, and finally a forest 2km index of 0.57, corresponding to the 
maximum forest 2km from the data..  It is seen from Figure 13 that effect of calendar time 
reaches its peak about 8 days into the study period, after which it declines to a lower level. This 




Figure 13: The effects of forest 2km index and calendar time. 
 
The depicted effects matches with the hypothesis put forward that an underlying leaf index is 
governing the effect of the forest Indexes. When the effect plummets in the end of the survey 
period for large values of the forest 2km index, an explanation could be that the leaves are 
simply disappearing, and that there therefore is even less risk when compared to the start of 
the survey period. 
The bushes index increases the probability of initiating a blocking Flag sequence.  The bushes 
index 1 km and 2km back on the track interacts with temperature, dew point and accumulated 
values of these,  mostly resulting in negative effects. Furthermore, the effect increases slightly 
wit train speed.  These effects are opposite of the effect of the forest index, and thus not 
readily interpretable. One explanation for the effect is that presence of bushes in a longer 
stretch (and hence 1km and 2km bushes index positive) is a proxy for a specific type of area, 
where the risk of initiating a blocking sequence when braking is  generally low, and thus the 
effect of bushes index back along the track may effectively be measuring a specific type of 
terrain. However, such an explanation cannot be examined through the present data and thus 
remains speculative.  
 
4.7 Dependency on elevations and recess. 
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A recess increases the probability of a Blocking Flag. The effect of an elevation depends on the 
wind, the train speed and the braking power. High wind speed over an estimated period of 5 
hours tend to increase the effect towards initiating a Blocking Flag sequence, while high train 
speed and braking power decreases the probability of initiating a blocking flag sequence. In 
general, elevated terrain decreases the risk of initiating a Blocking Flag sequence, unless the 
train speed is low and the wind has been blowing iover the last 5 hours. 
 
4.8 Dependency on curvature. 
 
The effect of curvature depends in a complicated manner on wind speed, temperature and dew 
point. The effect increases with dew point and wind speed, while it decreases with 
temperature. Overall, the risk of initiating a blocking flag increases with curvature, barring 
extreme conditions with no moisture, continuing frost, and no wind for several hours. 
 
4.9 Dependency on temperature. 
 
Temperature has a complicated dependence pattern with temperature up to 6 hours back in 
time impacting on the probability of a Blocking Flag. Temperature interacts with train type, 
vegetation, calendar time and curvature as described in these respective sections, and 
furthermore with accumulated values for wind speed and precipitation. However, these effects 
are small compared to the main effect of present temperature and accumulated values. For 
average values of the environmental variables, the dependency of temperature backwards in 




Figure 14: The effect of temperature as a function of time passed, for average environmental effects. 




























It is readily seen that the risk of initiating a Blocking Flag sequence decreases as the immediate 
temperature rises. However, while it is also seen that the effects of the temperature 5 and 6 hours 
back in time more or less outweigh each other, Figure 14 also indicates that artefacts may arise 
from this estimated structure which therefore do not have a consistent interpretation.  
 
4.10 Dependency on dew point. 
 
Dew point has, as temperature, a complicated dependence pattern, with dew point up to 8 
hours back in time impacting on the probability of initiating a Blocking Flag sequence. Dew 
points interacts with train Type, train speed, braking power vegastation and curvature as 
described in these respective sections, but in contrast to temperature, dew point doesn’t 
interact with other environmental variables. It is therefore straight forward to construct a 









4.11 Dependency on precipitation. 
 
In contrast to temperature and dew point, the immediate temperature doesn’t have an impact 
on the probability of initiating a Blocking Flag sequence. However, the cumulated values a long 
way  back in time has an impact, even the accumulated values 24 hours back in time are 





















statistically significant. Precipitation interacts with train type as described in section 4.3. 
Precipitation also interacts with accumulated values for temperature, wind speed and 
turbulence, increasing the effect with temperature and decreasing the effect with wind speed 
and turbulence.  The main effect with values back in time lies in the accumulated precipitation 
over the last 3 hours, which increases the linear predictor for initiating a Blocking Flag sequence 
substantially, while the effects of accumulated values further back in time have minor impact 
for average environmental conditions. For precise values, refer to the model parameters listed 
in Appendix D. 
 
4.12 Dependency on global radiation. 
 
Global radiation interacts with vegetation as described in that section. It also interacts with 
accumulated values of wind speed with wind speed lowering the effect of global radiation. 
While Global radiation depends on accumulated values back in time, it is only the most recent 5 
hours that has an impact simply because many of the trains do not have much more than 5 
hours of daylight behind them when they arrive at Århus. The immediate global radiation tends 
to increase the probability of initiating a blocking flag. For the precise parameter values, refer 
to Appendix D. 
 
4.13 Dependency on wind speed. 
 
Wind speed has an impact on the effect of most other describing factors, as demonstrated in 
nearly all previous sections in chapter 4. In its own right, higher wind speed increases the 
probability of a Blocking Flag. The effect is pronounced, and consistent back in time for average 
environmental effects, as depicted in Figure 15 below, where the effect of previous values of 











4.14 Dependency of Turbulent Kinetic Energy. 
Turbulence increases the probability of a Blocking Flag. Accumulated values interact with 







5. Discussion and Elaborations. 
It has been argued that one might as well study series of brakings instead of the full data. However, a 
braking typically runs over several kilometers, where the track characteristics, the vegetation and the 
environmental variables may change. It is not obvious which value of the environmental variables that 
should be assigned to a braking sequence, and it would also reduce the number of recordings with 
more than 95%. Attempts have been made to investigate this, but apart from loss of statistical power 
and a large number of insignificances, the remaining significant parameters were estimated close to the 
values in the final model, the parameter values as described in Annex D.  
It is concluded that the current model has a better utilization of data, and a larger statistical power, and 
is thus preferable. 



























5.1 Mapping the risk of initiating a blocking sequence. 
 
The trains from which data are obtained are assumed to act as ‘normal’ trains, with normal train 
patterns, braking where trains from Copenhagen to Århus usually brake. As such, the data may be 
used to construct maps of the risk of a initiating a blocking sequence under a standard train ride 
from Copenhagen to Århus, based on the part of the track where the trains in the data material has 
attempted to brake. The data do not contain any direct evaluation of the risk of initiating a blocking 
sequence in sections where non train has attempted to brake, and therefore the maps following 
below strictly applies to standard rides, where the braking pattern follows (part of) the braking 
patterns in the data material.  
To utilize this application of the model, the effect of Blocking Flag sequence is subtracted from the 
linear predictor, and the modified linear predictors are converted to probabilities of initiating 
blocking sequences, as illustrated in Figure 9, and used to pinpoint areas on the route from 
Copenhagen to Århus that are at a general risk for initiation Blocking Flag sequences in the 
considered part of the leaf fall period. It should be noted here again that the data consists on train 
rides for a limited number of days, but with the reservations for this, the results from the logistic 
regression model may be applied to construct such indicators.  We constructed a smoothed version 
of such a set of indicators, which are based on predictions solely and not on the actual observed 
Blocking Flags. The smoothing was first performed for each train ride separately. A window of ± 
0.5km was used, together with a Gaussian kernel with a standard deviation of 0.5/1.96 = 0.2551. 
Then, a second smoothing was performed with the same window and kernel, but where the 
smoothed values of the 26 used train rides were weighted equally to obtain an estimate for the 
‘average situation’, where high values of the smoothed probabilities indicated a point on the track 
with high risk in a large amount of the train rides. 
Figure 15 below demonstrates how these twice smoothed probabilities distributed themselves 






Figure 16: Map of smoothed probabilities for Blocking Flag, Copenhagen-Århus.’risk index’ refers 
relatively to the smoothed probability of initiating a Blocking Flag sequence. 
 
While one is able to detect positions where the red is dominating, it is necessary to magnify 
the map in Figure 16 to fully comprehend the information. Magnifications of Figure 16 follow 





















Figure 17: Map of smoothed probabilities for Blocking Flag, Zealand track. 
 
On Figure 17, a red area is apparent just around Sorø. Another red area follows in the forest 




















Figure 18: Map of smoothed probabilities for Blocking Flag, Fuenen track. 
On Figure 18, red areas are obvious around Tommerup and Middelfart. Note that the scale 
























Figure 19: Map of smoothed probabilities for Blocking Flag, Southern Jutland track. 
 
In Figure 19, red areas are visible in Fredericia, but also in Børkop where the track curves a 
lot, and then in Vejle, after the passing of a large forest area on the left hand side. This fits 
well with the assumption that leaves causes the track to be slippery, and that leaves from 





















Figure 20: Map of smoothed probabilities for Blocking Flag, Mid Jutland track. 
 
In Figure 20, the train passes a sharp curve of more than 90 degrees just before Horsens, 
where the train must break. Also, this conforms to the model that rendered curves a risk 




















Figure 21: Map of smoothed probabilities for Blocking Flag, All Jutland track. 
 
Figure 21 summarizes Figures 20 and 21 and the remaining route to Århus, and illuminates 
the difference in risk for the long even stretches where no brakings take place, and thus no 
risk of Blocking Flag is recorded, giving the color a full yellow. 
 
 In Figure 22 below, the smoothed probabilities are depicted as a function of the traveled 
distance from Copenhagen Central Station. Note that Hjulby, Ullerslev and Marslev lie at 
traveled distances of 136 km, 141 km and 151 km, respectively. The peaks on the graph 
should be compared with this. For exact positions of stations on the route in terms of 
























5.2 Mapping the risk of initiating a blocking flag sequence anywhere on the route.  
 
A limitation of the analysis in Section 5.1 is that it is limited to the areas where at least one of 
the 30 train rides has actually resulted in braking. If you do not brake, there is no risk of 
blocking the wheels, and no reason for considering a Blocking Flag. Thus, the analysis in section 
5.1 does not cover the situation where trains brake in unusual geographical positions. 
However, the developed model is able to predict a probability of obtaining a Blocking Flag, 
through knowledge of speed, braking power, track characteristics and environmental variables. 
We used this fact to construct an estimated probability of initiating a Blocking Flag Sequence, 
for an artificial (IC3) train ride, running at 180 km/h all the way from Copenhagen to Århus, and 
with a constant braking power of -2.5, corresponding to the average braking power of trains 
braking at 180 km/h in the data material. We constructed this estimate for all 30 train rides, 
also those that we did not use for the analysis in section 3, as missing data for speed and 
braking power is immaterial under this setting. We did not use model predictions for IC4 trains 































for the speed of 180 km/h, since the model is only tuned to model IC4 trains at a speed of 140 
km/h and below. 
 
The technique for constructing the probability estimates was as follows: 
 
a) First, we subtracted the effects of Blocking Flag indicator, train speed, braking power and IC4 
status, and all interactions with these, from the current linear predictors. 
b) Then, we added effects corresponding to a train speed of 180 km/h, a braking power of -2.5, and 
corresponding effects of all interactions with train speed and/or braking power. 
c) Finally, we converted these modified linear predictors to probabilities of Blocking Flag, through the 
scheme illustrated in Figure 9. 
 
The resulting probabilities were smoothed in a similar fashion as the probabilities where the actual 
speed, braking power and train type was utilized.  The result for average circumstances, as in 
section 5.1, together with the result using the actual recorded speed for comparison, is shown in 





Figure 23: Probability of initiating a Blocking Flag sequence when running at 180 km/h or the actual speed, 
average circumstances. 
 
























































The differences in the top and bottom graph in Figure 23 reflects to some extend that not all trains 
attempted to brake when the average risk was relatively substantial, so that the top graph in 
Figure 23 has higher values, and also that the higher train speed in general increased the risk of a 
Blocking Flag sequence (section 4.4).  The spikes in the top graph may be identified as the following 
areas, as a function of distance traveled from Copenhagen Central Station:  
 
  19-22   km: The area around Høje Tåstrup Station;  
  95-96   km: Hyllerup, just after Slagelse;  
103-110 km: From Svenstrup prior to Korsør, and on to the Great Belt tunnel;  
132-134 km: Shortly after Nyborg Station;  
160-186 km: From Odense to Aarup Station; 
245-248 km: The area around Vejle Station; 
298-299 km: The curving and vegetated area after Hylke, prior to Skanderborg; 
306-308 km: The vegetated area after Skanderborg Station and onto Stilling;  
318-320 km: The curving area around Kattrup and Hasselager, south of Århus.  
 
However, the ‘average circumstances’ in Figure 23 hides a large variation between train rides. In contrast to 
the situation where we only estimated the probability of a Blocking Flag sequence when the train was 
braking, we now have an estimate for every train ride, and every point on the route from Copenhagen to 
Århus. It is therefore possible to plot a full visualization of the estimates of initiating a blocking Flag 
sequence for the individual 30 train rides. These may be seen in Annex I together with the graph for 
average circumstances.  
It is noticeable that for a few train rides, the probability of initiating a Blocking Flag sequence is nearly 
constant 0. This is so for train rides 4 and 7. See Annex F for a description of train type, litra and days 
traveled for the numbered train rides. A common denominator for these two train rides is that no or nearly 
no precipitation is found. Conversely, we find from Annex G that the 6 train rides that do exhibit 
considerable precipitation (train rides 1-3 and 22-24) all exhibit very high probabilities of initiating a 
Blocking Flag sequence over wide areas. However, the remaining train rides also have examples of such 
high values.  The remaining train rides are not characterized by a particular feature, but do have examples 
of sunny days, humid days and windy/turbulent days.  
 
The top graph in Figure 23 is visualized geographically in Annex J.  
 
One train ride that may be singled out is train ride number 22, an IC3 train ride on October 29th 2012, a wet, 
overclouded day with very high wind speed and considerable turbulence. The dew point was considerably 
lower than average, while the temperature was at the average level. The forest index and the forest index 
2km back had values above average and the wind direction was south.  
 






Figure 24: Map of smoothed probabilities for initiating a Blocking Flag sequence, train ride 22, 
Copenhagen-Århus at 180 km/h. 
 
The first thing to note from Figure 24 is the rather high level of probabilities, after passing Slagelse at 93 
km’s distance from Copenhagen Central Station. The data are visualized in Figures 25-28 below, using 
similar map sections as in section 5.1. The second thing to notice is that there is almost no risk prior to 
passing Slagelse, apart from a narrow peak at Høje tåstrup. By consulting Annex G, it may be noted that this 
conforms with that the rain on that day starting around the passing of Slagelse. Before Slagelse there was 
almost no rain, and almost no risk. 




















Figure 25: Map of smoothed probabilities for for initiating a Blocking Flag sequence, train ride 22, Zealand 
track at 180 km/h. 
 
Figure 25 stresses that no noticeable risk is present before Slagelse (barring Høje Tåstrup). After Slagelse 




















Figure 26: Map of smoothed probabilities for initiating a Blocking Flag sequence, train ride 22, Fuenen 
track at 180 km/h (left), and similar probability probabilities for the 26 train rides in the leaf fall period for 
comparison (right, a copy of Figure18). 
 
 
Figure 26 highlights that the averaged 26 actual train rides, and the artificial train ride with train 22 at a 
constant speed of 180 km/h may identify completely different areas. The color coding in Figure 27 is not 
directly comparable between the two subfigures. Never the less, the route from Tommerup to Middelfart is 
completely yellow on the right side figure, which likely is because that the trains simply don’t break on this 
route. However, if they did, and circumstances were as on train ride 22, the graph on the left hand side of 


































Figure 27: Map of smoothed probabilities for initiating a Blocking Flag sequence, train ride 22, Southern 
Jutland track at 180 km/h. 
 
In Figure 27, the bright red area occurs prior to both the actual smoothed predictors, and in particular earlier 
than for the average risks at 180 km/h (see Annex J). It is worth noting that the wind comes from the south 
(192 degrees, counting right from direction north). Therefore, the left hand side thickness indexes are 























Figure 28: Map of smoothed probabilities for initiating a Blocking Flag sequence, train ride 22, South of 
Århus track at 180 km/h. 
 
On Figure 28, the red area after Skanderborg coincides with a vegetated area, while there is no immediate 
explanation for the red area between Stilling and Hørning, but it should be noted that both also train ride 
23 and 24 on the same day, and to some extent train rides 2 and 3 that occurred 4 days later, exhibit 
increasing probabilities of initiating a Blocking Flag sequence in this area, as does the average risk profile. 
These 5 train rides contains both IC3 and IC4 train rides.  
Another train ride that may be singled out is train ride 17. In contrast to train ride 22, train ride 17 occurred 
on a completely dry day, November 23rd, 2012. The weather was windy and turbulent, and it had been 
windy and turbulent for several hours prior to train ride 17 (see Annex G). Thus, the environmental 
conditions were completely different from Train ride 22.  Yet, as seen in figure 29, a high risk of initiating a 


























Figure 29: Probability of initiating a Blocking Flag sequence when running at 180 km/h or the actual speed, 
train ride 17. 
 
Thus, Figure 29 suggests that there are many ways that slippery tracks may be obtained, and in particular 
that precipitation is not the only way to obtain slippery tracks, since no precipitation had occurred in the 
last 24 hours prior to train ride 17.  
 
5.3  Comparing IC3 and IC4 Trains. 
 
It is not possible to use the predictors obtained for running at 180 km/h for comparing IC3 and IC4 trains, 
because the IC4 trains have only been running 140 km/h in the survey period. However, one can construct 
predictors completely similar to the 180 km/h case, where the trains run at 140 km/h with a fixed braking 
power. In this situation it is possible to compare the predictors for initiating a Blocking Flag sequence for 
IC3 and IC4. This has been performed using a fixed braking power of 3.4 instead of 2.6, corresponding to 
the average observed braking power at 138-142 km/h. The obtained linear predictors were transformed 
into probabilities for initiating a Blocking Flag sequence in the way illustrated in Figure 9. This way, all bias 
from environmental variables and track properties are (close to) eliminated for the comparison, as the two 
train runs are performed under exactly the same conditions.  




















The two obtained distributions of probabilities of initiating a Blocking Flag sequence are compared in a 





Figure 30: QQ-plot of probabilities for IC3 and IC4 trains, respectively, with the red line representing identity. 
 
Figure 30 show that t. ex. the value corresponding to the lowest 40% of the IC3 probabilities, only matches 
about 18% of the IC4 probabilities. In other words, since the black curve is consistently below the red line of 
identity in Figure 30, we may conclude that the IC4 probabilities are bigger, and thus the IC4 trains have a 
higher risk of initiating a Blocking Flag sequence than IC3 trains.  
A Kolmogorov-Smirnov test for this comparison is also strongly significant. 
 
One should take note on, first of all, that this conclusion is based on data which to some extent have been 
reconstructed, and which are only based on a minor number of observational days. Furthermore, it should 
be emphasized that the conclusion relates to the probability of initiating a Blocking Flag, which we cannot 
translate directly into low adhesion. It has not been possible to obtain precise criteria for when IC3 and IC4 
trains raise a Blocking Flag, and if the IC4 trains electronic systems are more sensitive than the IC3 trains, 
we may simple have shown such an effect which would be completely irrelevant for differences in low 
adhesion. However, one factor that speaks against interpretation is the interaction of train type (IC3/IC4) 






The modeling work has identified a proper model for the data, just as the model have been expanded to an 
early warning type model that applies to the whole track from Copenhagen to Århus. The answers to the 
initial questions that this report was concerned with, appears from sections 4.6 and 5.3. While the 
modeling work suggests that the model can be generalized to the whole leaf fall period and beyond, and to 
all tracks in Denmark, the current analysis is based on too many approximations to render the results 
trustworthy. It is a hindrance for the analysis that we been unable to work with a measure of the adhesion. 
However, because of reservations as in section 2.2.3, a more thorough data base, and perhaps the 
development of a leaf index, would greatly solidify the results, which need not be incorrect but lack the 
statistical foundations to be trusted. 
 
 
Technical University of Denmark, 
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Annex D: Coefficients in final model. 
Note: Seemingly insignificant variables are kept in the model as they interact with 
others. Thus the p-value in the 5th column does not adequately represent a test 
probability for excluding these variables from the model. 
 
Coefficients: 
                                Estimate Std. Error z value Pr(>|z|)     
(Intercept)                   -2.464e+01  1.866e+00 -13.207  < 2e-16 *** 
T_2                           -5.465e+00  7.573e-01  -7.217 5.30e-13 *** 
TD_2                           1.462e+00  5.016e-01   2.915 0.003557 **  
VS_10                          3.115e+00  3.727e-01   8.359  < 2e-16 *** 
TKE                            1.354e+00  1.775e-01   7.625 2.44e-14 *** 
Bremsekraft                   -1.495e+00  1.816e-01  -8.232  < 2e-16 *** 
hastighed                     -5.015e-03  5.366e-03  -0.935 0.349971     
skov2.index                    4.181e+00  9.928e-01   4.212 2.54e-05 *** 
daemning2.index               -1.078e-01  8.544e-02  -1.262 0.206942     
afgravning2.index              9.032e-02  1.983e-02   4.554 5.26e-06 *** 
I(Bremsekraft^2)              -4.687e-02  1.577e-02  -2.971 0.002967 **  
I((T_2)^2)                     2.741e-01  3.069e-02   8.931  < 2e-16 *** 
TD_2.6h                        3.174e+00  9.711e-01   3.268 0.001082 **  
TD_2.7h                       -6.617e+00  8.057e-01  -8.213  < 2e-16 *** 
TD_2.8h                        1.847e+00  2.715e-01   6.803 1.02e-11 *** 
TD_2.4h                       -4.856e+00  6.680e-01  -7.269 3.63e-13 *** 
T_2.6h                         4.804e+00  6.664e-01   7.209 5.63e-13 *** 
T_2.3h                        -4.255e+00  9.643e-01  -4.413 1.02e-05 *** 
krumning                      -2.085e+00  5.655e-01  -3.686 0.000228 *** 
PRES.5h                       -3.950e-01  5.348e-01  -0.739 0.460206     
VS_10.6h                      -1.270e+00  3.144e-01  -4.040 5.35e-05 *** 
GLOR.3h                       -4.761e-01  1.192e-01  -3.993 6.53e-05 *** 
block.temporal                 2.721e+00  3.588e-01   7.584 3.36e-14 *** 
skov2.2km.index               -1.429e+01  5.471e+00  -2.611 0.009018 **  
109
IC4                            3.051e+00  9.123e-01   3.345 0.000824 *** 
Day                            3.208e+00  4.568e-01   7.024 2.16e-12 *** 
I(Day^2/10)                   -3.179e+00  5.626e-01  -5.650 1.60e-08 *** 
I(Day^3/1000)                  1.273e+01  2.651e+00   4.804 1.56e-06 *** 
buske2.index                   1.699e+00  5.595e-01   3.036 0.002396 **  
skov2.1km.index                2.061e+01  3.354e+00   6.143 8.09e-10 *** 
GLOR                           1.244e-02  2.784e-03   4.467 7.93e-06 *** 
I(Day^4/10000)                -1.749e+00  4.091e-01  -4.276 1.91e-05 *** 
buske2.1km.index               2.802e+01  9.177e+00   3.054 0.002259 **  
buske2.2km.index              -5.656e+01  1.725e+01  -3.278 0.001045 **  
PRES.24h                      -3.045e-01  1.008e-01  -3.021 0.002518 **  
T_2.5h                        -1.402e+01  1.705e+00  -8.221  < 2e-16 *** 
TD_2.5h                        6.398e+00  1.239e+00   5.162 2.44e-07 *** 
VS_10.5h                       4.223e+00  6.938e-01   6.086 1.16e-09 *** 
GLOR.5h                        4.723e-01  1.183e-01   3.991 6.58e-05 *** 
T_2.4h                         1.384e+01  1.780e+00   7.772 7.70e-15 *** 
VS_10.4h                      -4.160e+00  7.501e-01  -5.546 2.92e-08 *** 
PRES.3h                        2.987e+00  5.941e-01   5.028 4.96e-07 *** 
VS_10.3h                       1.540e+00  4.604e-01   3.346 0.000821 *** 
TD_2:hastighed                 2.327e-02  3.169e-03   7.341 2.12e-13 *** 
hastighed:IC4                  2.503e-02  6.629e-03   3.775 0.000160 *** 
IC4:I(hastighed^2/100)        -2.254e-02  3.459e-03  -6.516 7.23e-11 *** 
skov2.index:block.temporal    -3.352e+00  5.827e-01  -5.752 8.83e-09 *** 
Bremsekraft:daemning2.index   -3.315e-02  1.119e-02  -2.962 0.003055 **  
Bremsekraft:IC4                4.939e-01  1.038e-01   4.757 1.96e-06 *** 
hastighed:daemning2.index     -3.054e-03  6.241e-04  -4.894 9.90e-07 *** 
TD_2:krumning                  6.226e-01  1.421e-01   4.382 1.17e-05 *** 
block.temporal:IC4             2.373e+00  3.653e-01   6.497 8.21e-11 *** 
T_2:IC4                        1.804e+00  2.859e-01   6.311 2.77e-10 *** 
TD_2:IC4                      -1.448e+00  2.329e-01  -6.215 5.13e-10 *** 
VS_10:IC4                     -9.363e-01  1.437e-01  -6.514 7.34e-11 *** 
110
block.temporal:Day             3.501e-02  8.606e-03   4.068 4.74e-05 *** 
VS_10:Day                     -9.441e-02  1.011e-02  -9.342  < 2e-16 *** 
hastighed:skov2.index         -3.089e-02  1.072e-02  -2.881 0.003966 **  
T_2:buske2.1km.index           2.190e+01  5.761e+00   3.802 0.000144 *** 
TD_2:buske2.1km.index         -3.868e+01  6.481e+00  -5.969 2.39e-09 *** 
buske2.1km.index:T_2.8h       -4.679e+00  1.506e+00  -3.106 0.001894 **  
hastighed:TD_2.7h              8.700e-03  1.399e-03   6.220 4.99e-10 *** 
TD_2.7h:buske2.1km.index       7.102e+00  1.930e+00   3.681 0.000233 *** 
TD_2.6h:skov2.2km.index        1.792e+00  2.283e-01   7.850 4.16e-15 *** 
krumning:VS_10.6h              8.263e-02  1.410e-02   5.862 4.58e-09 *** 
VS_10.6h:skov2.2km.index      -1.243e+01  2.190e+00  -5.677 1.37e-08 *** 
PRES.5h:T_2.5h                 1.360e-01  1.892e-02   7.187 6.60e-13 *** 
PRES.5h:VS_10.5h              -9.049e-02  1.619e-02  -5.588 2.30e-08 *** 
PRES.5h:TKE.5h                -1.015e-01  1.675e-02  -6.058 1.38e-09 *** 
T_2.5h:VS_10.5h               -1.514e-02  1.650e-03  -9.173  < 2e-16 *** 
PRES.5h:IC4                    8.456e-01  1.515e-01   5.583 2.37e-08 *** 
krumning:T_2.5h               -1.351e-01  2.481e-02  -5.444 5.20e-08 *** 
hastighed:TD_2.5h             -1.603e-02  2.362e-03  -6.786 1.16e-11 *** 
skov2.1km.index:TD_2.5h       -9.453e-01  1.715e-01  -5.511 3.56e-08 *** 
daemning2.index:VS_10.5h       8.391e-03  1.945e-03   4.314 1.60e-05 *** 
skov2.2km.index:VS_10.5h       1.483e+01  2.606e+00   5.692 1.26e-08 *** 
skov2.1km.index:GLOR.5h       -5.143e-02  7.549e-03  -6.813 9.55e-12 *** 
skov2.2km.index:GLOR.5h        4.654e-02  9.067e-03   5.133 2.85e-07 *** 
Bremsekraft:TD_2.4h            3.115e-02  4.992e-03   6.240 4.37e-10 *** 
GLOR.3h:VS_10.3h              -2.711e-04  7.545e-05  -3.593 0.000327 *** 
T_2.3h:Day                     1.793e-02  3.080e-03   5.821 5.85e-09 *** 
T_2.3h:skov2.2km.index        -1.699e+00  3.591e-01  -4.732 2.22e-06 *** 
skov2.2km.index:I(Day^3/1000) -4.952e-01  1.533e-01  -3.231 0.001234 **  
hastighed:buske2.2km.index     3.501e-01  1.180e-01   2.966 0.003018 **  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
111
 112
ANNEX E:  
Distances to Copenhagen Central Station for reference 
stations. 
Station Distance to Copenhagen Central Station/km 
Glostrup 11.214 












































Annex F: Relations between train numbers used in Annexes 




Train no. Day Registered Train 
Number 
Litra Type 
1 2012-11-02 121 5006 IC3 
2 2012-11-02 23 5036 IC3 
3 2012-11-02 8107 5657 IC4 
4 2012-11-07 121 5063 IC3 
5 2012-11-06 23 5083 IC3 
6 2012-11-06 8107 5646 IC4 
7 2012-11-07 23 5025 IC3 
8 2012-11-07 8107 5653 IC4 
9 2012-11-13 121 5032 IC3 
10 2012-11-13 23 5077 IC3 
11 2012-11-13 8107 5653 IC4 
12 2012-11-19 121 2030 IC3 
13 2012-11-19 23 5093 IC3 
14 2012-11-19 8197 5639 IC4 
15 2012-11-20 121 2038 IC3 
16 2012-11-20 8107 5642 IC4 
17 2012-11-23 121 2026 IC3 
18 2012-11-23 8107 5650 IC4 
19 2012-11-28 121 2027 IC3 
20 2012-11-28 23 5078 IC3 
21 2012-11-28 8107 5642 IC4 
22 2012-10-29 121 5005 IC3 
23 2012-10-29 23 5053 IC3 
24 2012-10-29 8107 5645 IC4 
25 2012-11-29 121 2044 IC3 
26 2012-11-29 23 5045 IC3 
27 2012-11-29 8107 5648 IC4 
28 2012-10-31 121 5012 IC3 
29 2012-10-31 23 5045 IC3 
30 2012-10-31 8107 5657 IC4 
 
114
Annex G: Environmental data along the train routes, 
immediate and accumulated backwards in time. 
115
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Annex H: Curvature of the track, and statistically significant 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Annex I: The probability of initiating a Blocking Flag sequence 
at 180 km/h as a function of distance to Copenhagen Central 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Annex J: The probability of initiating a Blocking Flag sequence 
at 180 km/h as a function of distance to Copenhagen Central 














































































































































































































This  report  presents  approaches  of  selected  European  countries  to  the management  of  low  adhesion 
problems.  It spans approaches addressing different  levels of  the problem,  including preventive measures 
focusing on the tasks aimed at removing or reducing low adhesion, mitigative technical measures aimed at 




generation of  the  low adhesion  layer but will  touch on  this only  to  the extent  that  this determines or  is 
directly  linked with  the specific  low adhesion measures  taken. Neither will  the  report go  into detail with 
















sion  level below 0.05,  sometimes also  referred  to as  “exceptionally  low”  (AWG 2009).   While wheel/rail 






































































































































































































































 Modern disc brakes on  the axle do not clean  the  running band of  the wheel, as opposed  to  the 
older tread brakes.  
 Shorter  trains  have  fewer  driving  bogies  and  thus  more  problems  with  braking    (Rijnaard 
2013b;RSSB 2004a),  















Copenhagen 2013, and subsequently specified by Arjan Rijnaard as  the vehicle “getting  insulated  from  the railhead 





















































































































































































































since  it might generate a public demand  for  immediate  interventions,  in contrast with planned activities 
based on long‐term priorities. 
Information about low adhesion can also be used to warn train drivers to take extra care and inform opera‐











pure  research.  With  this  emphasis  in  mind,  practical  implementation  of  observation  should  also  be 
designed  to observe  the dilemma of  ‘information overload’,  the  risk of gathering more  information  than 
can be processed. This dilemma  is  illustrated by the choice by  infrastructure management  in The Nether‐
lands not  to publish  information about  low adhesion, which might create a public demand  to act on  the 
information. 
2.1.1 Methods	of	detection	
Detection methods are generally based on  information  from  trains operated by one operator driving on 
tracks that are normally managed by another organisation, i.e., the infrastructure manager. Operators use 
tracks continuously with ample opportunity to experience and observe problems (including low adhesion), 





The  simplest method of detection  is based on drivers  reporting when  experiencing  low  adhesion  (RSSB 
2004b). Such reporting can be either voluntary or mandatory. There are structures for reporting about low 




In addition  to  structures  for  reporting about  specific  incidents, drivers may also be encouraged  to make 




















































































































































































































































and  lack of WSP activation  is not a guarantee against  low adhesion. A brake action has  to occur and  the 
brake force needs to exceed the rail/wheel friction in order for this type of information being available. 
However, all methods described so far detect low adhesion during braking (or accelerating) and thus report 
low adhesion after  the  fact. One  challenge  is  that  they only detect adhesion where braking has actually 
occurred. Another is that detection after the fact is too late to prevent the first incident, in the worst case a 
SPAD due to sliding. Once a driver experiences sliding, it will often be too late to react, and the situation is 
‘out of his hands’  (e.g.  left to the WSP system). While  information from WSP  is based on numerous non‐
critical  events  and  thus has  the potential  to  identify  critical  areas before  a dangerous  situation  actually 
arises, it would be preferable to get the information earlier, preferably independent of actual braking. 
Alternative methods are thus being considered for automatic measuring of low adhesion. One method uses 
optical  sensors  to  register  light  reflected  from  the  surface, depending on both  topography and material, 




actual  location. For  instance, spinning and sliding cause wear and tear on wheels resulting  in wheel flats, 
and observation of wheel roundness can  thus provide  information about  increasing problems with adhe‐
sion (Casselgren et al 2013;Rijnaard 2013b) (see Figure 3).  
2.1.1.3 Weather	forecast	
Besides  reporting,  registration  and  observation  of 
low  adhesion,  there  are  also  some  means  of 
prediction,  since  very  low  adhesion  is  often 
associated  with  specific  weather  conditions,  and 
meteorological  services  already  have  well‐
developed methods for weather forecasting. 
The  problem with  leaves  on  the  line  is  associated 
with a  limited time period  in autumn, but  it can be 
difficult  to  specify  more  precisely  exactly  when 
leaves start  to  fall. Leaf  fall can often be provoked 




Humidity  is  another  meteorological  cue  for  low 
adhesion, which  is associated with  some moisture, 
but also reduced by higher humidity, e.g. third layer 
washed  away  by  rain.  Problems  may  thus  be 
associated with  the  dew  point where  air  humidity 
condenses  into  water  (Bridges  &  Jackson  2013). 
 
Figure  4.  Weather  services  can  provide  predictions  of 
adhesion  levels,  based  on  weather  forecasts  and  other 
information.  These  predictions  can  be  used  as warnings 







Rail  companies,  mostly  infrastructure  managers,  in  Europe  cooperate  with  meteorological  services  to 
establish warning – preferably  local – about  low adhesion. Such  information has  the advantage of being 
preventive, but is also associated with some uncertainty, which poses a challenge to any type of response, 




infrastructure manager.  Three  different methods  to  improve  adhesion  are  considered  here:  cleaning  of 
tracks and removing of third layer, long‐term management of rail‐side vegetation and application of some 
layer (e.g. sandite3) to increase adhesion. 
Such  procedures  are mainly  performed  by  the  infrastructure manager  who,  as mentioned  above,  has 
limited possibility of access to the tracks during day traffic, especially on sections (and periods) subject to 
intensive  traffic.  Operations  such  as  water  jetting  and  application  of  sandite  are  often  performed  by 
specialized trains that can only operate effectively at limited speed – at the cost of valuable capacity on the 
line. Network Rail in the UK has tried solutions with specialized sandite trains running at higher speed (RAIB 
2011),  whereas  Deutsche  Bahn  in  Germany  has  avoided  this  solution  (Voges  &  Spiess  2006),  and  the 





a  low‐speed  service  train, and a main challenge  lies  in  timing  the  intervention: how  to  react swiftly  to a 
problem once identified/reported, and with minimal disturbance to traffic. This operation is non‐preventive 
and cannot be planned. 
One  downside  to  this  operation  is  that water  jets will  add  humidity  to  the  tracks,  sometimes  causing 
problems for the first train after the service, as illustrated in an accident at Berlin (EBA 2008). 
There have been experiments with other methods for cleaning the rails and removing the third  layer, e.g. 

































































































































































































































































































































































In  addition  to  these  types  of  track  maintenance,  other 
measures  can  be  taken  by  infrastructure management  – 
measures that are oriented towards operation. 
Infrastructure  management  can  thus  impose  speed 
restriction  for  critical  areas  to  minimize  the  risk  of 
excessive braking distances and SPADs. By  itself, however, 
such a measure may aggravate problems for a driver trying 
to  keep  the  schedule  (Scholdan  2013),  and  for  the 
operator. 
Another measure is taken by the infrastructure manager in 
the  Netherlands:  preventive  closing  of  level  crossings 
behind  a  platform  for  early  morning  trains  (Rijnaard 





tions  on  the  train  available  to  the  operator, while  also  emphasizing  possible  human  and  organizational 
implications  for  driver  and  operator.  These  solutions  are  thus  often  not  simple  technical  solutions  that 




applied  –  by  the  driver  or  automatically  –  to  improve  adhesion,  whether  for  braking  or  accelerating. 
Sanders  are used  and  considered  indispensable  in many  European  countries,  including  the UK  and Ger‐
many, but avoided by others due to a number of challenges. 
There are challenges with maintenance and application of sand. The amount of sand in the containers must 
be sufficient  to be available  for critical situations, and  two critical SPADS  in  the UK suffered  from  lack of 




ate (by the driver) or automatic, typically  linked to a specific braking  level. The criticality of timing  is  illus‐
trated by a SPAD incident at Esher in the UK (RAIB 2007a), which was worsened by the late – automatic – 






















wheels are sliding during braking and  reacts by  releasing and  reapplying brakes  to achieve better effect. 





A number of  incidents have revealed  that  first‐generation WSP systems, while operating with acceptable 
efficiency at low adhesion, are less efficient at very low adhesion and have actually been “one of the causes 
for  the unusual overshooting of breaking distances on  rails  subject  to autumnal  conditions”  (Hase et al. 
2005) . 






hence  independently of  rail/wheel contact. They  still depend 
on  contact  with  rails  and  are  therefore  affected  by  low 
adhesion due to a third layer, but will also have some effect of 
cleaning  the  rails  of  such  contamination  –  although  UK 
experience  found  such  an  effect  to  be  very  limited  (RSSB 
2002b).  The  magnetic  brake  is  pressed  on  the  rails  by 
magnetic  force,  thus  the  friction  force  is  independent of  the 
weight of the train. 
MTBs  can  have  a negative  effects on  track  circuits  and  thus 
interfere  with  detection  of  track  occupancy  and  signaling 































































































































































































































































































thus emphasizing  the need  to  limit  the use of defensive driving  to situations where  it  is necessary, while 
avoiding  it under normal conditions. This again emphasizes the drivers’ need to have clear  indication and 
cues about when to use defensive driving techniques. 
While  the  drivers  should  thus  avoid  overcautious  driving,  they  also  depend  on  early  cues  and  previous 






















































































































































































































































































































































































































































































































































































































































Therefore, most  countries  struggle  with  alternative  solutions  to  avoid  a  specific  autumn  schedule,  as 
emphasized in both Germany and the Netherlands (Spiess 2006;van Steenis 2010). 
2.4.6 Warnings	










uous aspects of such signs, however. On  the one hand,  they seem  to exempt  the drivers  from  reporting 
further  problems, which might  otherwise  inspire  the  infrastructure manager  to  introduce  speed  limits 
(Emery 2011). Some operators thus encourage their drivers to report serious conditions of very low adhe‐
sion for areas already marked as critical (FTPE 2012). On the other hand, the associated or implied sign of 
‘end of  low adhesion’ may  create a  false  impression of  ‘good adhesion’ and  cause an untimely  relief of 
driver vigilance, since adhesion does not always obey to signs (Emery 2011). 
2.4.6.2 Time‐specific	warnings	





A third type of warning  is predictive and based on weather forecast. One such example  is used  in the UK 
and  illustrated  in the  investigation of the Stonegate  incident. The  infrastructure manager provides a fore‐
cast indexing the risk of low adhesion conditions on a scale from ‘1’ (‘Good’) to ‘10’ (‘Bad’), where ‘9’ or ‘10’ 
“indicates  a  ‘black’  day,  corresponding  to  ‘extreme  leaf  fall  contamination’  being  expected”.  The  driver 
receives this information when booking on a station, by reading a notice (RAIB 2011).  















While  the  ATC  system  is  a  technology  installed  on  the  train,  yet  coupled  to  the  signaling  system,  the 
adjustment of ATC parameters is an operation performed by the driver or by the operator. This adjustment 
is thus a human or organizational operation rather than a merely technical solution. 




actual  conditions of  low  adhesion or operating with  lower efficiency  (longer braking distances with  less 
extensive use of railway capacity, e.g. fewer trains). 
























solution  focuses on preventive measures  for  improving adhesion by  frequent application of  sandite. The 
challenge  from  gaining  adequate  access  for  frequent  application,  2‐4  times  a  day  in  critical  periods,  is 
minimized by installing equipment on regular trains instead of using specialized vehicles that interfere with 
regular traffic. By this approach, track interventions ‐ infrastructure management ‐ are performed by regu‐
























































Nearly all of  the measures presented  in  this  report will  require  coordination between  the  infrastructure 
manager  and  the  railway  operators,  an  interface  which  is  now  common  to  European  countries.  For 
instance, if the infrastructure manager runs a track cleaning train, leaving the tracks somewhat moist, the 
operator must know  that  the  first  regular  train  following  this will have  slightly degraded braking perfor‐
mance. Given  the need  for coordination,  it  is  therefore  likely  to be more efficient  to spell out a national 
strategy that defines, first of all, the risk control measures to be applied as well as their practical implemen‐








few adhesion‐related  incidents,  leading to an estimate that the risk  is  limited and existing measures ade‐
quate.  
While  existing  evidence  thus  indicates  that  worries  over  low  adhesion  in  Denmark  should  not  be 
exaggerated, it may also be worth keeping in mind that the future calls for a more intensive use of railway 
capacity  in  Europe with  shorter distance between  trains  and  a more  extensive use of highspeed  trains, 









Type  Title  Chapter Advantages  Challenges 
Detection  Reporting  2.1.1.1  Based on actual experience 
with low adhesion 
 Biased towards ‘negative report‐




2.1.1.2  Independent  of  driver 
alertness 
 Systematic monitoring 
 Available  data  difficult  to  pro‐
cess 









2.2.2  Preventive  measure  to 
minimize contamination 
 Requires resources 
 Removal  may  create  other 
problems 
 




 Possible  interference with  track 
circuit  




Sanding 2.3.1  Instant  improvement  of 
adhesion 
 Difficult at high speed 
 Possible  interference with  track 
circuit  
 Possible  interference  with 
switches 
 Requires  reliable  processes  for 
refilling 
 Requires  driver  awareness  of 
availability and activity 
























2.4.4  Clear  instructions  for  inex‐
perienced drivers 
 Instrument  for  organiza‐
tional learning 
 Difficult  to  adapt  to  specific 
equipment 
 May  interfere  with  driver  skill 
and vigilance 
Autumn schedule  2.4.5  Relieves pressure on driver   Reduces railway capacity 
Warnings  for 
drivers 
2.4.6  Support driver  alertness  in 
critical  periods  and  loca‐
tions 
 Difficult to time appropriately 
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1. Preliminary.
In order to further study the friction between rail material and wheel material, a series of experiments
are to be conducted.
These experiments are a continuation of the work, documented in the report ”Preliminary Study of
Friction between Wheel and Track.”
The purpose of these tests is to determine the coefficient of friction under certain test conditions, and to
see how the IC3 wheel and IC4 wheel compares in this regard.
As previously, the tests are carried out, using a ”Pin On Disc”-testrig.
2. Test rig.
As in earlier experiments, these experiments are performed using a ”Pin on Disc” test rig (See figure 1).
The principle of operation involves a rotating disc with a pin pressed down on the surface.
The force, with which the pin is acting, can be adjusted by sliding a weight along the arm (Please see
figure 1 (b)). In addition to the force, it is also possible to adjust the rotational speed of the disc.
The test rig is fitted with a force transducer that enables a calculation of the shaft torque, which in turn
is used to determine the coefficient of friction.
Collection of data is carried out using Labview.
Test rig specifications:
Minimum contact pressure using a pin with a diameter of 5mm.: 3.97 [MPa]
Maximum contact pressure using a pin with a diameter of 5mm.: 84 [MPa]
Max. speed: 0.64 [m/s]
DTU, Lyngby April 15, 2013
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(a) Photo of test rig with the arm in elevated position. (b) The steel block can be displaced along the arm, in order
to change load.
(c) Photo of test disc (d) Photo of test pin
(e) Photo of test pin mounted in adapter.
Figure 1: Photos showing ”’Pin on Disc”’test rig.
DTU, Lyngby April 15, 2013
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3. Manufacturing of disc and pins.
3.1 Disc.
The disc used in these experiments is made from a piece of UIC 60 type rail. Please see figure 37 and 35
in appendix).
3.2 Pins
The pins are made from an IC3 wheel and an IC4 wheel.
On figure 2, we see how cylinders have been cut out from the wheel by means of a waterjet cutter.
These cylinders are subsequently manufatured into test pins (See drawing of pin on figure 36 in ap-
pendix).
The IC3 wheel is made from R8T steel, while the IC4 wheel is made from R7T steel (Pleace see ta-
ble on figure 34 in appendix.).
(a) (b)
Figure 2: Piece of train wheel.
DTU, Lyngby April 15, 2013
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3.3 Surface finish of disc and pin.
In order to prevent tearing of the disc and pin, as described earlier in the report ”Preliminary Study of
Friction Between Wheel and Rail”, both disc and pins have been ground to reduce the surface roughness
(Please see figure 3).
(a) Close up of pin with ground surface.
(b) Disc with ground surface.
Figure 3: Disc and pin with ground surfaces.
DTU, Lyngby April 15, 2013
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4. Lubricants.
Two kinds of lubricants have been used in the experiments:
1. A soap with the tradename ”Plejevask m. voks”, normally used to clean floors.
This soap is made by the company ”Knud E. Dan A/S”. (Please see figure 4(a) and datasheet in the
appendix.)
2. A Rape seed oil, normally used as cooking oil. (Please see figure 4(b).)
These two types of lubricants have previously been used in full scale tests.
(a) Soap used in the experiments.
(b) Rape seed oil used in the experiments.
Figure 4: Lubricants used in the experiments.
DTU, Lyngby April 15, 2013
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5. Test results.
In this section, the data collected in the experiments will be presented in the form of both xy-plots and
polar-plots.
The xy-plots show how the coefficient of friction develops with respect to distance, where as the polar
plots show how the coefficient of friction changes with respect to the angular position of the disc.
The coefficient of friction fluctuates significantly in some of the experiments, and here the corresponding
polar plots reveal that these fluctuations are cyclic.
Please note that, in the first series of experiments, the disc was not repositioned to the same angu-
lar starting point before each experiment. This means that the angular position of zero degrees on the
polar plots will not correspond to the same angular position of the disc from plot to plot.
The experiments were carried out by first applying lubricant to the disc and then start the experi-
ment. If, by the end of a run, the coefficient of friction had not yet stabilized, the experiment was
repeated.
The plots show the last run for each experiment.
DTU, Lyngby April 15, 2013
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5.1 First series of experiments.
The first series of experiments were carried out in accordance with experimental plan-1 (Please see
experimental plans in appendix).
These experiments were performed in a randomized sequence.
The same track on the disc was used in all 12 experiments.
5.1.1 Experiments with soap.
On figure 5, 7 and 9 we see the xy-plots for an IC3-pin and IC4-pin, at a contact pressure of 5MPa, 15MPa
and 25MPa respectively.
The graphs does not show a significant difference between the IC3 and IC4 material.
The corresponding polar plots on figure 6, 8 and 10 show that the friction does not vary significantly
with the angular position of the disc.
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 5MPa
(b) Experiment with soap and IC4-pin at 5MPa
Figure 5: Experiments with soap at 5MPa
DTU, Lyngby April 15, 2013
490
Study of Friction between Wheel and Track. 11/51
(a) Experiment with soap and IC3-pin at 5MPa
(b) Experiment with soap and IC4-pin at 5MPa
Figure 6: Experiments with soap at 5MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 15MPa
(b) Experiment with soap and IC4-pin at 15MPa
Figure 7: Experiments with soap at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 15MPa
(b) Experiment with soap and IC4-pin at 15MPa
Figure 8: Experiments with soap at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 25MPa
(b) Experiment with soap and IC4-pin at 25MPa
Figure 9: Experiments with soap at 25MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 25MPa
(b) Experiment with soap and IC4-pin at 25MPa
Figure 10: Experiments with soap at 25MPa
DTU, Lyngby April 15, 2013
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5.1.2 Experiments with rape seed oil.
On figure 11, 13 and 15 we see that the friction is generally lower than in the experiments with soap.
We also see that the coefficient of friction fluctuates much more than in the experiments with soap. On
figure 12, 14 and 16 we can see that these fluctuations are cyclic.
(a) Experiment with rape seed oil and IC3-pin at 5MPa
(b) Experiment with rape seed oil and IC4-pin at 5MPa
Figure 11: Experiments with rape seed oil at 5MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 5MPa
(b) Experiment with rape seed oil and IC4-pin at 5MPa
Figure 12: Experiments with rape seed oil at 5MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 15MPa
(b) Experiment with rape seed oil and IC4-pin at 15MPa
Figure 13: Experiments with rape seed oil at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 15MPa
(b) Experiment with rape seed oil and IC4-pin at 15MPa
Figure 14: Experiments with rape seed oil at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 25MPa
(b) Experiment with rape seed oil and IC4-pin at 25MPa
Figure 15: Experiments with rape seed oil at 25MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 25MPa
(b) Experiment with rape seed oil and IC4-pin at 25MPa
Figure 16: Experiments with rape seed oil at 25MPa
DTU, Lyngby April 15, 2013
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5.2 Second series of experiments.
In order to try to reproduce the results from the first series of experiments, it was decided to perform a
second series of experiments. The second series of experiments were originally intended to be carried
out in accordance with experimental plan-2. (Please see experimental plans in appendix.).
As in the case with experimental plan-1, the tests in experimental plan-2 were also randomized.
Experiment number 1 in experimental plan 2 required a pressure of 25MPa, and soap to be used as
lubricant. This first experiment led to tearing of the pin, the result of which can be seen on figure 17
Because of a limited number of pins, it was decided to do the second series of experiments accord-
ing to experimental plan-3. Here the experiments with soap and the experiments with oil are split up
into two parts, and the pressure is gradually increased.
Two different tracks were used in the experiments with soap. One track for the IC3 pin and another
track for the IC4 pin.
After the experiments with soap, the disc was ground and the the experiments with oil was started.
As in the case with the soap experiments, the oil experiments were carried out using separate tracks for
the IC3 pin and the IC4 pin.
(a) Pin after tearing.
(b) Disc after tearing.
Figure 17: Disc and pin after tearing.
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5.2.1 Experiments with soap.
On figure 22 (a) we see a significant increase in friction after about 62 meters. This is the result of the
pin being teared. The coefficient of friction stabilizes again, and then increases again at about 80 meters.
After this the experiment was stopped in order to avoı´d further damage to the disc.
(a) Experiment with soap and IC3-pin at 5MPa
(b) Experiment with soap and IC4-pin at 5MPa
Figure 18: Experiments with soap at 5MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 5MPa
(b) Experiment with soap and IC4-pin at 5MPa
Figure 19: Experiments with soap at 5MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 15MPa
(b) Experiment with soap and IC4-pin at 15MPa
Figure 20: Experiments with soap at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 15MPa
(b) Experiment with soap and IC4-pin at 15MPa
Figure 21: Experiments with soap at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 25MPa
(b) Experiment with soap and IC4-pin at 25MPa
Figure 22: Experiments with soap at 25MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with soap and IC3-pin at 25MPa
(b) Experiment with soap and IC4-pin at 25MPa
Figure 23: Experiments with soap at 25MPa
DTU, Lyngby April 15, 2013
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5.2.2 Experiments with rape seed oil.
The plots in this section generally show a lower coefficient of friction in the IC4 experiments than in the
IC3 experiments. In addition to this the friction fluctuates more in the IC4 experiments than in the IC3
experiments.
(a) Experiment with rape seed oil and IC3-pin at 5MPa
(b) Experiment with rape seed oil and IC4-pin at 5MPa
Figure 24: Experiments with rape seed oil at 5MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 5MPa
(b) Experiment with rape seed oil and IC4-pin at 5MPa
Figure 25: Experiments with rape seed oil at 5MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 15MPa
(b) Experiment with rape seed oil and IC4-pin at 15MPa
Figure 26: Experiments with rape seed oil at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 15MPa
(b) Experiment with rape seed oil and IC4-pin at 15MPa
Figure 27: Experiments with rape seed oil at 15MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 25MPa
(b) Experiment with rape seed oil and IC4-pin at 25MPa
Figure 28: Experiments with rape seed oil at 25MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 25MPa
(b) Experiment with rape seed oil and IC4-pin at 25MPa
Figure 29: Experiments with rape seed oil at 25MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 55MPa
(b) Experiment with rape seed oil and IC4-pin at 55MPa
Figure 30: Experiments with rape seed oil at 55MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 55MPa
(b) Experiment with rape seed oil and IC4-pin at 55MPa
Figure 31: Experiments with rape seed oil at 55MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 84MPa
(b) Experiment with rape seed oil and IC4-pin at 84MPa
Figure 32: Experiments with rape seed oil at 84MPa
DTU, Lyngby April 15, 2013
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(a) Experiment with rape seed oil and IC3-pin at 84MPa
(b) Experiment with rape seed oil and IC4-pin at 84MPa
Figure 33: Experiments with rape seed oil at 84MPa
DTU, Lyngby April 15, 2013
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6. Conclusion.
A series of experiments were performed on a ”Pin On Disc”-testrig, using soap and rape seed oil as
lubricants.
In the first series of experiments where soap was used as lubricant, there was not any significant differ-
ence between the IC3 experiments and the IC4 experiments, regarding the coefficient of friction.
In the second series of experiments where soap was used as lubricant, the coefficient of friction fluctuates
more, but the plots does not show a significant difference between the two wheel types, in terms of the
coefficient of friction.
In the first series of experiments where rape seed oil was used, the coefficient of friction fluctuates
significantly in both the IC3 experiments and the IC4 experiments. This is not a good basis for compar-
ing the two wheel types.
In the second series of experiments where rape seed oil was used, the coefficient of friction is fairly
steady regarding the IC3 experiments, whereas it fluctuates significantly in the IC4 experiments.
Again, this makes it difficult to compare the two wheel types on the basis of these particular experiments.
One possible explanation to these fluctuations could be that the disc has been ground prior to the
experiments, meaning that the coefficient of friction may be higher where the direction, in which the
disc has been ground, is perpendicular to the outer periphery of the disc.
This could be corrected by fine turning the disc instead of having it ground.
DTU, Lyngby April 15, 2013
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Study of Friction between Wheel and Track 
Experimental Plan-1 
 
Experiments with  IC3 wheel material: 
Wheel material: IC3 
1 type of rail material: UIC 60 
2 types of lubrication: Soap, Oil 
3 different pressures : 5Mpa, 15MPa, 25MPa 
1 speed: 0,1m/s 
Experiments with  IC4 wheel material: 
Wheel material: IC4 
1 type of rail material: UIC 60 
2 types of lubrication: Soap, Oil  
3 different pressures : 5Mpa, 15MPa, 25MPa 
1 speed: 0,1m/s 
 
Sequence. Rail material Wheel material Speed Lubrication Pressure 
8 UIC 60 IC3 0,1m/s Soap 5MPa 
5 UIC 60 IC3 0,1m/s Soap 15MPa 
3 UIC 60 IC3 0,1m/s Soap 25MPa 
1 UIC 60 IC4 0,1m/s Soap 5MPa 
2 UIC 60 IC4 0,1m/s Soap 15MPa 
6 UIC 60 IC4 0,1m/s Soap 25MPa 
4 UIC 60 IC3 0,1m/s Oil 5MPa 
10 UIC 60 IC3 0,1m/s Oil 15MPa 
7 UIC 60 IC3 0,1m/s Oil 25MPa 
9 UIC 60 IC4 0,1m/s Oil 5MPa 
11 UIC 60 IC4 0,1m/s Oil 15MPa 
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Study of Friction between Wheel and Track 
Experimental Plan-2 
Experiments with  IC3 wheel material: 
Wheel material: IC3 
1 type of rail material: UIC 60 
2 types of lubrication: Soap, Oil 
3 different pressures using soap: 5Mpa, 15MPa, 25MPa 
1 speed: 0,1m/s 
Experiments with  IC4 wheel material: 
Wheel material: IC4 
1 type of rail material: UIC 60 
2 types of lubrication: Soap, Oil  
3 different pressures using soap: 5Mpa, 15MPa, 25MPa 
1 speed: 0,1m/s 
 
Sequence. Rail material Wheel material Speed Lubrication Pressure 
10 UIC 60 IC3 0,1m/s Soap 5MPa 
11 UIC 60 IC3 0,1m/s Soap 15MPa 
2 UIC 60 IC3 0,1m/s Soap 25MPa 
8 UIC 60 IC4 0,1m/s Soap 5MPa 
4 UIC 60 IC4 0,1m/s Soap 15MPa 
1 UIC 60 IC4 0,1m/s Soap 25MPa 
12 UIC 60 IC3 0,1m/s Oil 5MPa 
3 UIC 60 IC3 0,1m/s Oil 15MPa 
6 UIC 60 IC3 0,1m/s Oil 25MPa 
9 UIC 60 IC4 0,1m/s Oil 5MPa 
5 UIC 60 IC4 0,1m/s Oil 15MPa 
7 UIC 60 IC4 0,1m/s Oil 25MPa 
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Study of Friction between Wheel and Track 
Experimental Plan-3 
Experiments with  IC3 wheel material: 
Wheel material: IC3 
1 type of rail material: UIC 60 
2 types of lubrication: Soap, Oil 
3 different pressures using soap: 5Mpa, 15MPa, 25MPa 
9 different pressures using oil : 5Mpa, 15MPa, 25MPa, 35MPa, 45MPa, 55MPa, 65MPa, 75MPa, 84MPa 
1 speed: 0,1m/s 
Experiments with  IC4 wheel material: 
Wheel material: IC4 
1 type of rail material: UIC 60 
2 types of lubrication: Soap, Oil  
3 different pressures using soap: 5Mpa, 15MPa, 25MPa 
9 different pressures using oil : 5Mpa, 15MPa, 25MPa, 35MPa, 45MPa, 55MPa, 65MPa, 75MPa, 84MPa 
1 speed: 0,1m/s 
Sequence. Rail material Wheel material Speed Lubrication Pressure 
1 UIC 60 IC3 0,1m/s Soap 5MPa 
2 UIC 60 IC3 0,1m/s Soap 15MPa 
3 UIC 60 IC3 0,1m/s Soap 25MPa 
4 UIC 60 IC4 0,1m/s Soap 5MPa 
5 UIC 60 IC4 0,1m/s Soap 15MPa 
6 UIC 60 IC4 0,1m/s Soap 25MPa 
7 UIC 60 IC3 0,1m/s Oil 5MPa 
8 UIC 60 IC3 0,1m/s Oil 15MPa 
9 UIC 60 IC3 0,1m/s Oil 25MPa 
10 UIC 60 IC3 0,1m/s Oil 35MPa 
11 UIC 60 IC3 0,1m/s Oil 45MPa 
12 UIC 60 IC3 0,1m/s Oil 55MPa 
13 UIC 60 IC3 0,1m/s Oil 65MPa 
14 UIC 60 IC3 0,1m/s Oil 75MPa 
15 UIC 60 IC3 0,1m/s Oil 84MPa 
16 UIC 60 IC4 0,1m/s Oil 5MPa 
17 UIC 60 IC4 0,1m/s Oil 15MPa 
18 UIC 60 IC4 0,1m/s Oil 25MPa 
19 UIC 60 IC4 0,1m/s Oil 35MPa 
20 UIC 60 IC4 0,1m/s Oil 45MPa 
21 UIC 60 IC4 0,1m/s Oil 55MPa 
22 UIC 60 IC4 0,1m/s Oil 65MPa 
23 UIC 60 IC4 0,1m/s Oil 75MPa 
24 UIC 60 IC4 0,1m/s Oil 84MPa 
DTU, Lyngby April 15, 2013
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Figure 34: Table of wheel materials.
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7.3 Rail profile.
Figure 35: Drawing of UIC60 rail profile.
DTU, Lyngby April 15, 2013
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Figure 36: Working drawing of pin.
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Figure 37: Working drawing of disc.
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7.6 Datasheet (Soap).
Udarbejdet på baggrund af EU forordningen 1907/2006 (REACH)  




PLEJEVASK med voks  
SIKKERHEDSDATABLAD 
 
 1.1. Produktidentifikator 
 
  Handelsnavn 
   PLEJEVASK med voks 
  Produkt nr. 
   3006 
  REACH registreringsnummer 
   Ikke anvendelig  
  Andre produktidentifikatorer 
   PR-nr: 109787 
 1.2. Relevante identificerede anvendelser for stoffet eller blandingen samt anvendelser, der frarådes  
 
  Relevante identificerede anvendelser for stoffet eller blandingen 
   Gulvvaskemiddel med voks 
   Den fulde ordlyd af evt. nævnte identificerede anvendelseskategorier findes i punkt 16. 
 1.3. Nærmere oplysninger om leverandøren af sikkerhedsdatabladet 
 
  Firmanavn og adresse 
   Knud E. Dan A/S 
Lunikvej 40 
DK 2670 
tlf: +45 43692422 
fax: +45 43690578  
  Kontaktperson 
   Lars Bøgeholm 
  E-mail 
   lbj@knudedan.dk 
  SDS udarbejdet den 
   31-01-2012 
  SDS Version 
   1.0 
 1.4. Nødtelefon 
   Kontakt Giftlinien på tlf.nr.: 82 12 12 12 (åbent 24 timer i døgnet). Se punkt 4 om førstehjælp. 
 
PUNKT 2: Fareidentifikation 
 
 2.1. Klassificering af stoffet eller blandingen 
   Produktet er ikke klassificeret som farligt.  
 2.2. Mærkningselementer 
 
  Farepiktogram 
   - 
  Risiko m.v. 
   - 
  Oplysningspligtige indholdsstoffer 





  Forebyggelse - 
  Reaktion - 
  Opbevaring - 
  Bortskaffelse - 
 2.3. Andre farer 
    
  Anden mærkning 
   Sikkerhedsdatablad kan på anmodning rekvireres. Kodenummer (1993): 00-1  
  Andet 
   - 
  VOC 
DTU, Lyngby April 15, 2013
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Udarbejdet på baggrund af EU forordningen 1907/2006 (REACH)  




PLEJEVASK med voks  
   - 
 
PUNKT 3: Sammensætning af/oplysning om indholdsstoffer  
 
 3.1/3.2. Stoffer 
  
 
NAVN:     Larylethersulfat 
IDENTIFIKATIONSNUMRE:   CAS-nr: 68585-34-2 EF-nr: 500-223-8  
INDHOLD:    1-5% 
DSD KLASSIFICERING:   Xi;R36/38  
CLP KLASSIFICERING:   Skin Irrit. 2, Eye Irrit. 2  
    H315, H319 
 
  
(*) Den fulde ordlyd af H/R-sætningerne findes i punkt 16.  Arbejdshygiejniske grænseværdier er nævnt i punkt 8, såfremt de er 
tilgængelige. 
  
 Andre oplysninger 
   
5 - 15%: sæbe 
0 - 5%: anioniske overfladeaktive stoffer, nonioniske overfladeaktive stoffer, Linalool (PARFUME), 2,2',2''-
(hexahydro-1,3,5-triazin-1,3,5-triyl)triethanol, Benziothiazolinone, parfume 
 
 
PUNKT 4: Førstehjælpsforanstaltninger 
 
 4.1. Beskrivelse af førstehjælpsforanstaltninger 
 
  Generelt 
   
Ved uheld: Kontakt læge eller skadestue - medbring etiketten eller dette sikkerhedsdatablad. Lægen kan 
rette henvendelse til Arbejds- og miljømedicinsk klinik, Bispebjerg Hospital, tlf. 35 31 60 60. Ved 
vedvarende symptomer eller ved tvivl om den tilskadekomnes tilstand skal der søges lægehjælp. Giv aldrig 
en bevidstløs person vand eller lignende.  
  Indånding 
   Ikke relevant.  
  Hudkontakt 
   Ikke relevant.  
  Øjenkontakt 
   Fjern evt. kontaktlinser. Skyl øjnene med rigelige mængder vand (20-30 °C) indtil evt. irritation ophører og mindst i 15 minutter. Ved fortsat irritation skal der søges lægehjælp.  
  Indtagelse 
    
Giv personen rigeligt at drikke og personen under opsyn. Ved ildebefindende: Kontakt omgående læge og 
medbring dette sikkerhedsdatablad eller etiketten fra produktet. 
Fremkalde ikke opkastning, medmindre lægen anbefaler det. Sænk hovedet, således at evt. opkast ikke vil 
løbe tilbage i munden og halsen.  
  Forbrænding 
   Skyl med rigelige mængder vand indtil smerten ophører og fortsæt derefter i 30 min. 
 4.2. Vigtigste symptomer og virkninger, både akutte og forsinkede 
   Ingen særlige 
 4.3. Angivelse af om øjeblikkelig lægehjælp og særlig behandling er nødvendig 
   Ingen særlige 
  Oplysning til lægen 
   Medbring dette sikkerhedsdatablad. 
 
PUNKT 5: Brandbekæmpelse  
 
 5.1. Slukningsmidler 
   Anbefalet: alkoholbestandigt skum, kulsyre, pulvere, vandtåge. 
Vandstråle bør ikke anvendes, da det kan sprede branden.  
 5.2. Særlige farer i forbindelse med stoffet eller blandingen 
   Ingen særlige  
 5.3. Anvisninger for brandmandskab 
   Normal indsatsbeklædning og fuld åndedrætsbeskyttelse. Ved direkte kontakt med kemikaliet kan 
indsatsleder kontakte kemikalieberedskabsvagten på telefon 45 90 60 00 (åbent 24 timer i døgnet), med 
henblik på yderligere rådgivning.  
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PLEJEVASK med voks  
 
PUNKT 6: Forholdsregler over for udslip ved uheld  
 
  6.1. Personlige sikkerhedsforanstaltninger, personlige værnemidler og nødprocedurer 
   Ingen særlige krav.  
  6.2. Miljøbeskyttelsesforanstaltninger 
   Ingen særlige krav.  
  6.3. Metoder og udstyr til inddæmning og oprensning 
   Brug sand, kattegrus, savsmuld eller universalbindemiddel til opsamling af væsker. Rengøring foretages for så vidt muligt med rengøringsmidler. Opløsningsmidler bør undgås.  
  6.4. Henvisning til andre punkter 
   Se afsnittet "Forhold vedrørende bortskaffelse" om håndtering af affald. Se afsnittet om "Eksponeringskontrol/personlige værnemidler" for beskyttelsesforanstaltninger.  
 
PUNKT 7: Håndtering og opbevaring  
 
 7.1. Forholdsregler for sikker håndtering 
   Se afsnittet "Eksponeringskontrol/personlige værnemidler" for oplysning om personlig beskyttelse.  
  7.2. Betingelser for sikker opbevaring, herunder eventuel uforenelighed 
   Opbevares altid i beholdere af samme materiale som den originale. Produktet er ikke kategoriseret som brandfarligt 
  Lagertemperatur 
   5 - 25 °C 
  7.3. Særlige anvendelser 
   Produktet bør kun bruges til anvendelser beskrevet i punkt 1.2.  
 
PUNKT 8: Eksponeringskontrol/personlige værnemidler  
 
 8.1. Kontrolparametre 
 
  Grænseværdier 
   Ingen data  
  DNEL / PNEC 
   Ingen data tilgængelige  
 8.2. Eksponeringskontrol 
   Ingen kontrol nødvendig under forudsætning af, at produktet anvendes normalt.  
  Generelle forholdsregler 
   Udvis alm. arbejdshygiejne.   
  Eksponeringsscenarier 
   Såfremt der findes et bilag til dette sikkerhedsdatablad, skal de her i angivne eksponeringsscenarier efterkommes.  
  Eksponeringsgrænse 
   Der forefindes ikke eksponeringsgrænser for indholdsstoffer i produktet.  
  Tekniske tiltag 
   Udvis almindelig forsigtighed ved brug af produktet. Undgå indånding af gas og støv.  
  Hygiejniske foranstaltninger 
   Udvis almindelig forsigtighed ved brug af produktet.  
  Foranstaltninger til begrænsning af eksponering af miljøet 
   Ingen særlige krav.  
 Personligt værneudstyr 
   - 
  Generelt 
   
Såfremt arbejdsprocessen er omfattet af bekendtgørelsen om arbejde med kodenummererede produkter 
(Arbejdstilsynets Bekendtgørelse nr. 302/1993), skal værnemidler vælges i overensstemmelse hermed. Se 
evt. produktets kodenummer i afsnittet om 'Fareidentifikation'.  
  Luftvejene 
   Ingen særlige krav.  
  Hud og krop 
   Ingen særlige krav.  
  Hænder 
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PLEJEVASK med voks  
   Ingen særlige krav.  
  Øjne 
   Ingen særlige krav.  
 
PUNKT 9: Fysisk-kemiske egenskaber  
 
 9.1. Oplysninger om grundlæggende fysiske og kemiske egenskaber 
 Fysisk tilstand Farve Lugt pH Viskositet Massefylde (g/cm3) 
 Flydende Grøn Karakteristisk 10 -  1,02 
  Tilstandsændring og dampe 
 Smeltepunkt (°C) Kogepunkt (°C) Damptryk (mm Hg) 
 - - - 
  Data for brand- og eksplosionsfare 
 Flammepunkt (°C) Antændelighed (°C) Selvantændelighed (°C) 
 - - - 
 Eksplosionsgrænser (Vol %) Oxiderende egenskaber  
 - -  
  Opløselighed 
 Opløselighed i vand n-octanol/vand koefficient  
 Opløselig -  
 9.2. Andre oplysninger 
 Opløselighed i fedt Andet 
 - N/A 
 
PUNKT 10: Stabilitet og reaktivitet   
 
  10.1. Reaktivitet 
   Ingen data  
  10.2. Kemisk stabilitet 
   Produktet er stabilt under de betingelser, som er angivet i afsnittet "Håndtering og opbevaring".  
  10.3. Risiko for farlige reaktioner 
   Ingen særlige  
  10.4. Forhold, der skal undgås 
   Bør ikke udsættes for direkte opvarmning (fx solbestråling).  
  10.5. Materialer, der skal undgås 
   Stærke syrer, stærke baser, stærke oxidationsmidler og stærke reduktionsmidler  
  10.6. Farlige nedbrydningsprodukter 
   Produktet nedbrydes ikke ved brug til anvendelser angivet i sektion 1.  
 
PUNKT 11: Toksikologiske oplysninger  
 
  11.1. Oplysninger om toksikologiske virkninger 
 
  Akut toksicitet 
   Substans Art Test Eksponeringsvej Resultat 
   Ingen data tilgængelige      
  Langtidsvirkninger 
   Ingen særlige 
 
PUNKT 12: Miljøoplysninger 
 
 12.1. Toksicitet  
   Substans Art Test Testens varighed Resultat 
   Ingen data tilgængelige      
  12.2. Persistens og nedbrydelighed 
   Substans Nedbrydelighed i vandmiljøet Test Resultat 
   Ingen data tilgængelige     
  12.3. Bioakkumuleringspotentiale 
   Substans Potentiel bioakkumulerbar LogPow BCF 
   Ingen data tilgængelige     
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PLEJEVASK med voks  
  12.4. Mobilitet i jord 
   Ingen data  
  12.5. Resultater af PBT- og vPvB-vurdering 
   Ingen data  
  12.6. Andre negative virkninger 
   Ingen særlige  
 
PUNKT 13: Forhold vedrørende bortskaffelse  
 
  13.1. Metoder til affaldsbehandling 
   Produktet er omfattet af reglerne om farligt affald.  
  Affald   
   EAK-kode Kemikalieaffaldsgruppe:   
   20 01 30    
  Særlig mærkning 
   - 
  Forurenet emballage 
   Emballager, med restindhold af produktet, bortskaffes efter samme betingelser som produktet.  
 
PUNKT 14: Transportoplysninger  
 
Ikke farligt gods i henhold til ADR og IMDG.  
 14.1 – 14.4 
   ADR/RID UN-nummer UN-forsendelsesbetegnelse (UN proper shipping name) Transportfareklasse Emballagegruppe Bemærkninger 
         
 
   




           
 
 14.5. Miljøfarer 
   - 
  14.6. Særlige forsigtighedsregler for brugeren 
   - 
  14.7. Bulktransport i henhold til bilag II i MARPOL 73/78 og IBC-koden 
   Ingen data  
 (*) Packing group 
 (**) Marine pollutant 
 
PUNKT 15: Oplysninger om regulering 
 
  15.1. Særlige bestemmelser/særlig lovgivning for stoffet eller blandingen med hensyn til sikkerhed, 
sundhed og miljø 
 
  Anvendelsesbegrænsninger 
   - 
  Krav om særlig uddannelse 
   - 
  15.2. Kemikaliesikkerhedsvurdering 
   Nej  
 
PUNKT 16: Andre oplysninger 
 
  Kilder 
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1. Preliminary.
A series of experiments are to be conducted, in order to study the friction between wheel and rail.
The experiments are carried out at different loads and using different types of lubrication.
For use in the experiments, ”Banedanmark” has provided a section from both the IC3- and IC4-wheel,
and ”DSB” has provided a piece of rail.
The experiments are carried out using a ”Pin on Disc” test rig.
2. Description of test rig.
The experiments are performed using a ”Pin on Disc” test rig (See figure 1). The principle of operation
involves a rotating disc with a pin pressed down on the surface.
The force, with which the pin is acting, can be adjusted by sliding a weight along the arm (Please see
figure 1 (b)). In addition to the force, it is also possible to adjust the rotational speed of the disc.
The test rig is fitted with a force transducer that enables a calculation of the shaft torque, which in turn
is used to determine the coefficient of friction.
Collection of data is carried out using Labview.
Test rig specifications:
Minimum contact pressure using a pin with a diameter of 5mm.: 3.97 [MPa]
Maximum contact pressure using a pin with a diameter of 5mm.: 84 [MPa]
Max. speed: 0.64 [m/s]
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(a) Photo of test rig with the arm in elevated position. (b) The steel block can be displaced along the arm, in order
to change load.
(c) Photo of test disc (d) Photo of test pin
(e) Photo of test pin mounted in adapter.
Figure 1: Photos showing ”’Pin on Disc”’test rig.
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3. Manufacturing of disc and pins.
3.1 Disc.
The disc used in these experiments is made from a piece of UIC 60 type rail. Please see figure 22 and 20
in appendix).
3.2 Pins
The pins are made from an IC3 wheel and an IC4 wheel.
On figure 2, we see how cylinders have been cut out from the wheel by means of a waterjet cutter.
These cylinders are subsequently manufatured into test pins (See drawing of pin on figure 21 in ap-
pendix).
The IC3 wheel is made from R8T steel, while the IC4 wheel is made from R7T steel (Pleace see ta-
ble on figure 19 in appendix.).
(a) (b)
Figure 2: Piece of train wheel.
DTU, Lyngby March 1, 2013
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4. Test results.
The data collected in the experiments will be presented in this section.
5 types of experiments have been conducted:
1. Preliminary dry test.
2. Test with grease.
3. Test with leaf sap (Deluted).
4. Test with water.
5. Test with leaf sap (Concentrated).
DTU, Lyngby March 1, 2013
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4.1 Preliminary test without lubrication.
Pleace note that only pin’s from the IC3 wheel have been used in these preliminary tests.
Figure 3(a) shows the plot for the first test. The pressure is 3.97MPa and no lubrication is used.
The graph shows that the coeffecient of friction did not have time to stabilize, so the distance should
have been increased here.
On figure 3(b) the pressure is increased to 20.00MPa, and after approximately 6 m. there is a sig-
nificant increase in friction. This increase is the result of the pin and disc being teared, as illustrated on
figure 4(a) and 4(b).
In an attempt to avoid tearing, a round was added to the pin. Figure 3(c) shows that tearing oc-
curs after about 4 m., so adding a round has not corrected the problem with tearing.
The graph’s on figure 3(a), 3(b) and 3(c) displays an oscillating pattern. One oscillation coincides
with one revolution of the disc.
A possible explanation could be that the hardness is not the same everywhere on the disc, and that this
variation in hardness might cause the coeffecient of friction to vary.
In order to be able to perform experiments with distances that allow for the coefficient of friction to
stabilize, it was decided to perform the rest of the experiments with lubrication.
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(a) First preliminary test.
(b) Second preliminary test.
(c) third preliminary test. After a round has been added
Figure 3: Above we see the graphs for the tests where no lubrication was used. Notice that only IC3 pins
were used in these preliminary tests.
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(a) Pin after tearing.
(b) Disc after tearing.
Figure 4: Photos showing disc and pin after tearing.
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4.2 Test with grease.
The experiments described in this section have been carried out using Rivolta F.L.G GT-2 as lubricant.
(See datasheet in appendix)
To reduce the risc of tearing, the disk and pins were ground, in order to create a smoother surface.
The experiment was carried out by first applying a layer of grease to the disc, and then run the test
(Please see figure 5).
On figure 6, 7 and 8 we see the test results for an IC3-pin and IC4-pin, at a contact pressure of 20MPa,
40MPa and 80MPa respectively.
In all three cases, the graphs show that the coeffecient of friction has stabilized within a distance of 3 m.,
and that there is no significant difference between the IC3- and IC4 test results.
Figure 5: Experiments with Rivolta grease.
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(a) Experiment with Rivolta grease and IC3-pin at 20MPa
(b) Experiment with Rivolta grease and IC4-pin at 20MPa
Figure 6: Experiments with Rivolta grease at 20MPa
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(a) Experiment with Rivolta grease and IC3-pin at 48MPa
(b) Experiment with Rivolta grease and IC4-pin at 48MPa
Figure 7: Experiment with Rivolta grease at 48MPa
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(a) Experiment with Rivolta grease and IC3-pin at 80MPa
(b) Experiment with Rivolta grease and IC4-pin at 80MPa
Figure 8: Experiment with Rivolta grease at 80MPa
DTU, Lyngby March 1, 2013
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4.3 Test with leaf sap (Deluted)
For use in these tests, a small amount of beech leafs were collected. The leafs were finely chopped, and
a small amount of water was added. Finally this mixture was placed on the disc (See figure 9).
The first experiment was stopped after a short while, as it became apparent that the chopped leafs were
merely pushed away by the pin, without ever getting in between the pin and disc.
The next step was to squeeze the moisture out of the mixture and use this as a lubricant instead.
This fluid consisted mostly of water, but also a small amount of sap from the leafs. The test was carried
out by applying a bit of the fluid to the pin track on the disc, and then begin the experiment.
The results of these experiments is shown in figure 10, 11 and 12.
During these experiments, a slight decrease in the coeffecient of friction could be observed, as the
water in the fluid evaporated. This can best be seen in figure 10(a) and 11(a).
The tendency towards a decrease in friction, as water evaporated, could suggest that the leaf sap had
lubricating properties.
(a) Chopped beech leafs.
(b) Chopped beech leafs placed on disc.
Figure 9: Preparation of beech leafs.
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(a) Experiment with deluted leaf sap and IC3-pin at 8.0MPa.
(b) Experiment with deluted leaf sap and IC4-pin at 8.0MPa.
Figure 10: Experiments with deluted leaf sap at 8.0MPa.
DTU, Lyngby March 1, 2013
546
Preliminary Study of Friction between Wheel and Track. 16/31
(a) Experiment with deluted leaf sap and IC3-pin at 12.0MPa.
(b) Experiment with deluted leaf sap and IC4-pin at 12.0MPa.
Figure 11: Experiments with deluted leaf sap at 12.0MPa.
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(a) [Experiment with deluted leaf sap and IC3-pin at 16.0MPa.
(b) [Experiment with deluted leaf sap and IC4-pin at 16.0MPa.
Figure 12: Experiments with deluted leaf sap at 16.0MPa.
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4.4 Test with water.
To find out wheter or not the leaf sap made any difference in the previous experiments, some experiments
were performed using only water as lubricant.
On figure 13 and 14 wee see the plots of the experiments where water was used as lubricant.
A comparison of the graphs in figure 10 and 14, which both show the coefficient of friction at the
same pressure and speed, shows that the coefficient of friction stabilizes at approximately 0.35 on figure
14(a) and (b), while it is between 0.25 and 0.30 on figure 10(a) and (b).
This could indicate that the deluted sap from the leafs is a better lubricant than water alone.
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(a) Experiment with water and IC3-pin at 3.97MPa.
(b) Experiment with water and IC4-pin at 3.97MPa.
Figure 13: Experiments with water at 3.97MPa.
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(a) Experiment with water and IC3-pin at 8.0MPa.
(b) Experiment with water and IC4-pin at 8.0MPa.
Figure 14: Experiments with water at 8.0MPa.
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4.5 Test with leaf sap (Concentrated).
A series of experiments were conducted using a more concentrated leaf sap as lubricant.
The leaf sap was extracted by blending beech leafs into a pulp, and then squeezing the sap out.
These experiments were carried out by first applying the lubricant to the pin trac (see figure 15(a)),
and then run the test until the leaf sap had dried out (see figure 15(b)).
On figure 16, 17 og 18 wee see the test results from the experiments with concentrated leaf sap.
As was the case with the diluted leaf sap, there is a tendency towards lower friction as the water evapo-
rates.
During the experiments, a significant decrease in friction could be observed just before the leaf sap dried
out. Examples of this can be seen in figure 17(a) from approximately 160 to approximately 190 m. and
in figure 17(b) from approximately 120 to approximately 140 m.
In figure 16 and 17, the IC3 pin and IC4 pin display similar behavior, but in figure 18 the coefficient of
friction is significantly lower in the case of the IC3 pin than in the case of the IC4 pin. It should be noted
that it is difficult to recreate the exact same test conditions in each test, when using this type of lubricant.
(a) The leaf sap is applied to the pin track.
(b) Photo of dried out leaf sap.
Figure 15: Photos showing experiment with concentrated leaf sap.
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(a) Experiment with concentrated leaf sap and IC3-pin at 12.0 MPa
(b) Experiment with concentrated leaf sap and IC4-pin at 12.0 MPa
Figure 16: Experiments with concentrated leaf sap at 12.0 MPa
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(a) Experiment with concentrated leaf sap and IC3-pin at 16.0 MPa
(b) Experiment with concentrated leaf sap and IC4-pin at 16.0 MPa
Figure 17: Experiments with concentrated leaf sap at 16.0 MPa
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(a) Experiment with concentrated leaf sap and IC3-pin at 20.0 MPa
(b) Experiment with concentrated leaf sap and IC4-pin at 20.0 MPa
Figure 18: Experiments with concentrated leaf sap at 20.0 MPa
DTU, Lyngby March 1, 2013
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5. Conclusion.
A series of preliminary experiments have been conducted, in order to determine the coefficient of friction
between a rail material and two different wheel materials. The experiments have been carried out at
various loads, and using different types of lubrication.
These experiments allowed, to some degree, a comparison between the two wheel materials.
The experiments, where Rivolta grease was used as lubricant, do not show any significant difference
between the two wheel types, in terms of the coefficient of friction.
Because grease is much more homogeneous and manegable than deluted and concentrated leaf sap, it
was possible to perform each experiment under similar conditions.
So in this case it is reasonable to compare the results for the two types of wheel material.
The experiments with deluted leaf sap also show some agreement between the two wheel types, regard-
ing the coefficient of friction, allthough not to the same degree as in the case with grease as lubricant.
It should be pointed out that using deluted leaf sap as lubricant makes it diffficult to create the same
conditions from experiment to experiment, as the lubricant is not as homogenious and manegable as for
example grease. So, in terms of the experiments performed with deluted leaf sap, a direct comparison
of the results for the two wheel types would be problematic.
A comparison between the experiments with water and the experiments with deluted leaf sap indicated
that the leaf sap had a lubricating effect.
To further study the presumed lubricating effect of leaf sap, a series of experiments were performed
using a more concentrated leaf sap.
These experiments demonstrated that the leaf sap had a lubricating effect. They also showed a significant
drop in friction, just as the leaf sap dried out, and subsequently an increase in friction after the leaf sap
had dried out.
Some of the graphs, related to the experiments with concentrated leaf sap, display significant differences
between the IC3- and IC4 results.
Again it should be noted that creating similar experimental conditions is difficult when using concen-
trated leaf sap as a lubricant. So a direct comparison of the two wheel materials, based on these results,
is problematic.
The experiments, documented in this report, do not provide the basis to make definitive conclusions
concerning possible differences between the IC3 wheel material and IC4 wheel material, with regard
to friction characteristics. In order to do that, more experiments are required. In addition to this the
method used in the experiments involving leaf sap, should be further developed in order ensure similar
conditions in each experiment.
In conclusion, the experiments documented in this report have demonstrated that leaf sap can have
lubricating properties. Furthermore, the experiments with Rivolta grease, where it was possible to
create similar experimental conditions, did not show a significant difference between the IC3- and IC4
results.
DTU, Lyngby March 1, 2013
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Figure 19: Table of wheel materials.
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6.2 Rail profile.
Figure 20: Drawing of UIC60 rail profile.
DTU, Lyngby March 1, 2013
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Figure 21: Working drawing of pin.
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Figure 22: Working drawing of disc.
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6.5 Data sheet for Rivolta F.L.G GT-2.
Rivolta® FLG GT-2 
Produktbeskrivning 
 
Rivolta FLG GT-2 är ett helsyntetiskt smörjfett ut-
vecklat för livsmedels– och läkemedelsindustrin. 
Rivolta FLG GT-2  är ett mekaniskt stabilt, extremt 
vattenresistent, termiskt stabilt smörjfett utvecklat 
för smörjning av högt belastade rullnings– och glidla-
ger samt i glidytor inom temperaturområdet –45°C 
till +170°C. Tack vare sin låga dynamiska friktion kan 
produkten användas både i snabbroterande lager och 
i låga temperaturer. Produkten är biologiskt inert och 
tillverkad enligt bestämmelser från US FDA där tillfäl-
lig kontakt med livsmedelsprodukter kan inträffa. 
• Temperaturområde: 
  -45 till +170°C 
 




• Oxiderings- och åld-
ringsbeständig. 
 
• Enkel att pumpa. 
 
• Minimal friktion och sli-
tage. 
 
• Registrerat enligt NSF 
H1, Kosher och Canadi-




• Rullningslager - högt belastade spårkullager, ko-
niska rullnings– och nållager vid extremt låga och 
höga temperaturer som t.ex. lager i frystunnlar, 
bakautomater och torkugnar, lager i elektriska 
motorer, ventilatorer, varmluftsventilatorer, lager 
i ugnar och conveyrar och torkar.  
• Glidlager exponerade för höga temperaturer. 
• För lager och glidytor i låga temperaturer. 
• För snabbroterande glid– och rullningslager av 
alla typer. 
• För smörjning av skruvar, bultar, leder, kamkur-




Postadress E-post Web Telefon Telefax Bank Postgiro 
Varlabergsvägen 6 info@gleitmo.se www.gleitmo.se 0300 333 33 0300 143 00 Handelsbanken 8 46 35-2 
434 39 Kungsbacka    VAT no Bankgiro  
    SE556192115501 442-8959 
Universalfett för höga och låga temperaturer 
inom livsmedelsindustrin 
Registrerad NSF (H1) Kosher och Canadian Food 
Inspection Agency. Produkten är godkänd av United 
States Food and Drug Administration (FDA). 
Föreskrifterna är fastslagna i CFR 21, sektion 
178.3570 (smörjfetter med tillfällig kontakt med 
livsmedel). Produkten innehåller inga naturliga sub-
stanser från djur eller genetiskt modifierade organis-
mer. Produkten är biostatisk, gynnar inte mikrobiell- 
eller mögelväxt.  
Rullningslager Glidlager NSF H1 Kompatabilitet 
 
RIVOLTA FLG GT-2 är inte aggressiv mot metaller, 
plaster, lacker eller mineraloljeresistenta tätnings-
material. Blanda ej med andra typer av smörjfett. 
Applicering 
 
Rengör smörjpunkterna så noga som möjligt från 
gamla rester och föroreningar. 
DTU, Lyngby March 1, 2013
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 Värde Enhet Testmetod 
Färg     ljus     -         - 
Densitet 0,945 g/ml DIN 51757 
Basoljeviskositet @+40ºC 46 mm²/s DIN 51562-1 
NLGI-grad 2     - DIN 51818 
Bearbetad penetration 265-295 1/10mm DIN/ISO 2137                   
Minskning av penetrationstal efter 
100.000 dubbelslag 
<30 1/10mm        -             
Temperaturområde*1 -45/+170 °C         - 
Droppunkt >250 °C DIN/ISO 2176 
Korrosionsskydd på stål 0/0 Korr.grad DIN 51802 
Korrosionsskydd på koppar 1 Korr.grad DIN 51811 
Basoljeseparation 18tim @ +40°C <0,5 % DIN 51817 



















Undvik långvarig och ofta upprepad hudkontakt. För närmare information - se separat 
varuinformationsblad.  
 
Postadress E-post Web Telefon Telefax Bank Postgiro 
Varlabergsvägen 6 info@gleitmo.se www.gleitmo.se 0300 333 33 0300 143 00 Handelsbanken 8 46 35-2 
434 39 Kungsbacka    VAT no Bankgiro  











Informationen i detta datablad motsvarar såvitt vi känner till statusen gällande vår kunskap och forskning. Den kan dock inte tas 
som en försäkran eller garanti för produktens funktion i enskilda applikationer. Innan kunden köper våra produkter måste han därför 
själv försäkra sig om att respektive produkt är korrekt vald och ger det resultat han förväntar sig i varje enskild applikation. Våra 
produkter uppdateras kontinuerligt. Vi förbehåller oss därför rätten att när som helst, utan föregående information, förändra innehål-
let i denna information. 
*1—Kortfristigt upp till +200°C 
*2—T=+190°C, F=200N 
DTU, Lyngby March 1, 2013
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1 Introduction
In the investigation into the incidences of the IC4’s breaking failure, it was proposed that the failure
originated from leaves present on the train tracks. It was observed that at under certain conditions
where these leaves present on the train tracks reached a certain critical water content the friction
decreased by orders of magnitudes. To further understand this mechanism the rheological properties
of leaves with varying water contents is worth investigating. As an initial approximation the rheology
of very concentrated sugar solutions is investigated. In this case, skim milk powder is dissolved in
water yielding solutions primarily containing lactose and water.
2 Experimental
Preparation of the sample was performed by dissolving milk powder in enough water that a homoge-
neous solution was obtained. Subsequently, as much water as possible was removed from the sample on
a rotary evaporator. The viscosity was measured on an ARES sheer rheometer with a 60mm aluminum
plate-plate geometry. To avoid evaporation from the sample during measurements a solvent trap was
constructed on the bottom plate as follows (see Figure 1). The sample was placed in the ARES and
the top plate was lowered and brought in contact with the sample according to standard procedures.
A roll of silly pudding was placed close to the outer rim of the lower plate creating a wall surrounding
the sample. Mineral oil with a viscosity considerably lower than the viscosity of the sample was placed
in the vacancy between the wall and the sample.
Fig. 1: Cross sectional view of the experimental setup: 1) Bottom plate, 2) Top plate, 3) Sample, 4)
Silly pudding wall, 5) Mineral oil.
1
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A strain sweep was performed in order to determine the linear region of the sample. Subsequently
oscillation frequency and time sweeps were performed for the strain found in the linear region. The
measurements were performed at 25oC on samples with the concentrations displayed in Table 1.
Tab. 1: Sample specifications





In figure 2 two oscillation frequency sweeps are displayed for sample no. 1. The second run was made
in hopes of reproducing the results from the first run.
Fig. 2: Oscillation frequency sweep at 0.07 % strain with repetition.
In figure 2 it is seen that the viscosity is larger for the second run. Further more the results for the
second run seem to be less smooth which could be a sign of crystallization. Figure 3 display the first
oscillation frequency sweeps for sample no 1 and 2.
2
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Fig. 3: First oscillation frequency sweep at 0.07 % strain for sample no 1 and 2
In 3 it is seen that the results are somewhat reproducible. It is seen that the viscosity for sample
no two is slightly larger than for sample no. 2 which is in good agreement with the fact that sample
no 2 is slightly more concentrated than sample no. 1.
In order to investigate the time evolution of the viscosity, an oscillation time sweep was performed
for sample no 3 displayed in 4.
Fig. 4: Oscillation time sweep at 1Hz and strain of 0.07 %
3
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It is seen that part from an initial period of three minutes where the sample seems to be sheer
thinning, the viscosity increases with time. This is in good agreement with the increase in viscosity
between the two runs for sample no 1 displayed in 2.
4 Discussion
Two phenomena are expected to cause the time dependent change in viscosity. The first is relaxation
time. For short time scales (<5 minutes) the viscosity seems to decrease with time. This might
be due an increasing alignment of the sugar molecules as time passes resulting in a lower viscosity
than the initial viscosity. The second phenomenon is crystallization and it becomes apparent for
longer timescales (hours). This results in an increasing viscosity with time. The explanation for the
crystallization can be found from the phase diagram displayed in figure 5.
Fig. 5: Phasediagram for skimmilk [1]
In the phase diagram displayed in figure 5, it is seen that at high concentrations (85 to 95 % at
25oC) the time at which the crystallization of lactose sets in is delayed. This is due to the fact that
the mobility of the lactose molecules is reduced at these high concentrations. Therefore the time that
it takes for a sample of high solid concentration to reach the amount of crystals predicted by the phase
diagram could possibly be several hours. This could also be true for samples at lower concentrations
and therefore the solutions from table 1.
These initial studies have shown that several phenomena influence the viscosity of the lactose
solutions. In future studies it is important to avoid crystallization of the sample however the effect of
sheer thinning is interesting to look further into.
4
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